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PREFACE. 


This report is the outcome of an emergency situation. It 
sets forth the origin and object of the investigation as well as the 
result. It gives facts and opinions from men specially qualified 
to deal with the subject. The information given regarding the 
sources of supply of zinc and copper in the Dominion of Canada, 
together with facts relating to methods of manufacture, cost of 
production, and markets for products, should be of service 
to all concerned in the development of the zinc and copper in- 
dustries in Canada. 

The more important documents are printed in extenso, 
while in other cases a digest of the information is alone presented. 

Practically pure metallic zine is now being produced for 
the first time in Canada, as the result of these investigations. 

The quality of the product is not only suitable for munitions 
of war, but also for domestic and export commercial requireménts. 

By September, 1916, the plant for the refining of copper, at 
present in course of construction, will be in operation and will 
add another important industry to Canada. 

I am indebted to Mr. James J. Warren, Managing Director 
of the Consolidated Mining and Smelting Company for the 
photographs showing the buildings for the production of metallic 
zine and the refining of copper, in course of construction. 


DAVID CARNEGIE. 
Ottawa, Ont., Aug., 1916. 


Digitized by the Internet Archive 
In 2023 with funding from 
University of Toronto 


https://archive.org/details/31/761117081687 
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July 10th, 1916. 


Mujor-General the Hon. Sir Sam Hughes, K.C.B., 
Minister of Militia and Defence, | 
Ottawa. 


Sir:— 

Through the very kind and diligent efforts of Dr. Stans- 
field the belated record of the investigation appointed by your- 
self to consider the feasibility of refining copper and producing 
metallic zinc on a commercial scale in the Dominion of Canada 
is now completed. In my opinion the information contained 
therein will be of value to many in the Dominion, as it contains 
the mature opinions of the most expert men in Canada on the 
subjects dealt with. 

I am proposing to the Imperial TMunigion: Board that the 
report be published. Before recommending this course, however, 
I should be glad to have your permission for its publication, 
particularly Section 13 which deals with the correspondence 
relating to the final action of the Canadian Government in 
the matter. 

The real work of the Commission has fallen principally 
upon Dr. Stansfield and Dr. Wilson, and it is gratifying to knew 
that as the outcome of the work inaugurated by yourself, zinc 
to-day is being refined 1 in Canada. Already 210 tons have been 
supplied. 

The plant also for the refining of copper is nearly completed 
and very soon refined copper will be made for the first time in 
Canada. 

In addition to these new industries the Dominion Copper 
Products Company of Montreal has been established to manu- 
facture copper bands for munitions and other copper products 
and will use part of the refined copper made in Canada. 


I am, Sir, 
Your obedient servant, 
DAVID CARNEGIE. 


Vili 


Minister’s Office, 
Ottawa, July 14th, 1916. 


Dear Colonel Carnegie:— 


Permit me to thank you very sincerely for your kind letter 
. of the 10th instant, regarding the publication of your report 
' upon your work and the development of the zine and copper 
industry in the Dominion of Canada. 


I have great pleasure in endorsing your proposition to this 
end in the hope that it may inspire the people of Canada to have 
faith in their own country and in its resources; to instill into 
them that confidence necessary to the development of such 
and to encourage them in developing the industries incident to 
the zinc, copper and kindred products. 


I join you in the hope that these industries, developed for 
the war, may be pursued in time of peace for the great commercial 
trade of the Empire. 

Faithfully, 


(Sgd.) SAM. HUGHES. 
Colonel D. Carnegie, 


Imperial Munitions Board. 
Ottawa, Ont. 


Commission appointed by the Minister of Militia and 
Defence to investigate the feasibility of Refining 
Copper and Producing Metallic Zinc 
on a Commercial Scale in the 
Dominion of Canada 


SECTION 1. INTRODUCTORY. 


1. MEMBERS OF THE COMMISSION. 
Hon. Lt.-Cou. DAVID CARNEGIE, M-Inst. C.E., Chairman 
Ordnance Advisor to Shell Committee. 


Dr. A. W. G. WILSON, 
Chief of Metal Division, Mines Branch, Ottawa. 


Dr. A. STANSFIELD, 
Professor of Metallurgy, McGill University. 


INTRODUCTION. 


The following report is the outcome of investigations 
instigated by the Honourable the Minister of Militia and Defence, 
General Hughes, with the support of Sir Robert Borden, G.C.M.G., 
Prime Minister of the Dominion of Canada. 


FORMATION OF THE COMMISSION. 


The Commission was formed after several conferences 
concerning the supply of copper and zinc for the British War 
Office contracts, with the Minister of Militia and Defence, 
the Chairman of the Shell Committee, Brig-General Bertram; 
David Carnegie, Ordnance Advisor, and finally with Sir Robert 
Borden, the Prime Minister. 

The uncertainty which existed in February, 1915, as to what 
action might be taken by the United States regarding the export 
of zine and copper from that country to Canada and the necessity 
for taking no risks in the matter, led to the conclusion that it was 
desirable to investigate the feasibility of refining copper and 
-producing metallic zinc in Canada. 
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On the recommendation of Mr. Carnegie, Dr. A. W. G. 
Wilson, Chief Engineer of the Metal Division, Mines Branch, 
Ottawa, and Dr. A Stansfield, Professor of Metallurgy, McGill 
University, were appointed by the Minister of Militia and De- 
fence, members of the Commission. 


2. THE SCOPE OF THE INVESTIGATION. 


The scope of the investigation might be briefly summarized 
as follows:— 

CB tho ascertain if the copper ore deposits of the Dominion 
and particularly those of British Columbia, would produce 
sufficient blister copper annually and for a sufficient period, 
to warrant the establishment and maintenance of a plant to 
refine copper on a commercial basis. 

(2) To determine the best location for such a plant, having in 
view the cost of: site, plant, ores, matte and blister copper, labour, 
fuel, power and distribution of products, also the comparative 
cost of refining copper in Canada and in the United States. 

(8) To ascertain what would be the attitude of American 
refiners of copper to the establishment of a copper refining plant . 
in Canada, having regard to the American copper mining and 
smelting interests in the Dominion. Also to consider what 
action might be taken by the American refiners to prevent the 
marketing of Canadian copper. 

(4) 'To consider the value of the by-products obtained 
by refining copper and the markets for such by-products. Further 
to ascertain what industries in Canada would be benefitted 
by refining copper in Canada, and what new industries might be 
established. 

(5) To consider the best form of assistance which might 
be given to develop such a project. | 

(6) To make a similar investigation with respect to the 
metal zine. 


38. METHOD OF INVESTIGATION. 


In order to confine the enquiry to the subjects under in- 
vestigation, the Members of the Commission prepared a list of 
questions upon which full saris aie and careful consideration 
were invited. 
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The Commission informed those to whom the questions 
were given, that they did not consider them exhaustive, but 
merely as an indication of the nature of the enquiry and as a 
guide to discussion. 


THE FOLLOWING IS A LIST OF THE QUESTIONS SUBMITTED: 
GENERAL. 


1. What in your opinion are the prospects for the establishment 
in British Columbia, of a copper refinery that could 
be a commercial success? 

2. What location or locations would, in your opinion, be the 
most advantageous, and why? 

3. What are the comparative costs in Canada and the United 
States for: 

A. Labour, 

B. Power, 

C. Fuel, 

D. Cost of living. 

4, What production of blister copper per annum would be 
needed to support a copper refinery on a commercial basis? 

5. What quantity of zinc ore is necessary to insure the success- 
ful operation of a zinc smelter? 

6. What by-products would be available and what disposition 
could be made of them? 


MINING. 
A. Copper Mining. 


1. What prospect is there of the copper production on the 
coast of British Columbia being increased? 

2. What properties now undergoing development give 
promise of adding to the coast production, apart from 
increases which may be expected from the mines now 
being operated? 


B. Zine Mining. 


3. What zinc prospects are known on the coast? 

4, Have they ever produced ore and how much? 

5. Have you accurate information as to the tonnage avail- 
able? 


A 


FUEL. 


A. Coal. 


5B 


What is the cost of coal at the pit mouth? 


2. Have you any data on the actual cost of production? 

3. What does coal cost at Ladysmith? 

4, Are the Vancouver Island coals good coking coals? 

B. Oil Fuel. 

1. What does crude oil and what does fuel oil cost on the 
Pacific Coast? 

2. What are the sources of supply? 

3. What is the equivalent quantity of each, crude oil and 
fuel oil, in comparison with one ton of coal from 
Nanaimo or Wellington collieries? 

LABOUR. 

1. What are existing labour conditions on the coast? Union? 
Open shop? In what trades? 

2. What is the prevailing scale of wages for skilled and 
unskilled labour in the various trades? 

POWER. 

1. At what points on the coast is electric power now 
available? 

2. Is it being utilized at all? 

3. What capacity is lying idle? 

4. Where could the cheapest electric power be obtained? 

5. What would be the lowest cost per horse power year, 
or per killowatt hour? 

6. How much would be available? 

MARKETS AND MARKETING. 

1. Where would refined copper from British Columbia 
be marketed? 

2. Where would refined zine from British Columbia be 
marketed? : 

3. What would be the influence on other Canadian in- 


dustries if a copper or a zinc refinery were established 
on the coast? 
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4. How will the United States copper refining companies 
view the establishment of a refinery in Canada? 


FREIGHT. 


1. What are the existing rates on copper and zinc ores, 
and on blister copper from:— 
(a) Kast Kootenay to Vancouver? 


(b) Boundary to Vancouver? 

(c) Boundary to New Jersey or Montreal? 
(d) Coast to Coast (by rail)? 

(e) Coast to Coast (by Panama)? 


(f) West Coast to European markets? 


The foregoing questions were submitted to men interested in 
mining and metallurgy, experts who met the Commission at the 
meetings convened by the Mining Committees of the Board of 
Trade in the cities of Victoria and Vancouver, B.C. Minutes of 
the proceedings of all meetings were recorded. 

Similar questions were also submitted to the mining and 
smelting companies visited by the Commission and to individual 
experts, who kindly consented to give their opinions. 

The opinions expressed and the conclusions arrived at by 
the various experts are embodied in the report. 

At the conferences, Dr. A. W. G. Wilson directed his attention 
principally to the copper situation and Dr. A. Stansfield con- 
fined himself especially to the consideration of zine production. 

Colonel Carnegie’s secretary, Mr. T. W. O’Neill, acted as 
secretary to the Commission. 


We wish to record our thanks to all who have given assist- 
ance during the investigation. We desire to name in particular 
the following:— 

The Honourable J. W. Bowser, Attorney General, B.C. 

Acting Premier during our visit. 

R. E. Gosnell, Esq., Victoria, B.C., 

Private Secretary to Sir Richard McBride. 

W. Fleet Robertson, Esq., Victoria, B.C., 

Provincial Mineralogist. 
Col. E. G. Prior, Victoria, B.C., 
President Board of Trade. 
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A. C. Flummerfelt, Esq., B.C., 
Chairman and Members Mining Committees, Victoria and 
Vancouver, B.C. 
Chairman and Members Boards of Trade, Victoria and 
Vancouver, B.C., 
and all others who have supplied any information on the subject 
in question. 
(Signed) DAVID CARNEGIE, 
Chairman of Commission. 


4, VISIT TO BRITISH COLUMBIA. 


The members of the Commission left Montreal and Ottawa 
about the 30th of March, 1915, and proceeded to Trail, B.C.; 
spending a few hours on the way at Medicine Hat. The Com- 
mission had interviews with officers of the Consolidated Mining 
and Smelting Company at their smelter at Trail on the 5th and 
6th of April. A short time was spent in Nelson on the 7th April, 
from which point the Commission travelled to Victoria. <A 
meeting was held with the Victoria Board of Trade on the 12th 
April, and with the Vancouver Board of Trade on the 138th 
April. The Commission visited the concentrating plant at 
Britannia Beach on the 14th April and then returned to the East. 


5. PRELIMINARY CONCLUSIONS REGARDING THE 
REFINING OF COPPER IN CANADA. 


(1) Weare of the opinion that the time is opportune to commence 
refining copper in Canada. 

(2) The best location where to begin refining copper is, in our 
opinion, at the works of the Consolidated Mining and 
Smelting Company, Trail, B.C., because:— 

(a) The works are owned and operated by Canadian 
capital. 

(6) The Company is free to commence refining copper 
immediately, as it has no binding contracts with 
companies in the United States, such as exist for at 
least two years between the copper producers at 
the coast and the refineries in the United States. 

(c) The Companies at the coast are all controlled 
by firms in the United States. 
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(d) The Consolidated Mining and Smelting Company of 
Canada now possesses an efficient staff capable 
of managing a copper refinery. 

(e) As the electrolytic refining of lead has been carried 
on successfully at Trail for some years past 
the Company is in a more favourable position 
to produce electrolytic copper more economically 
and at less initial cost of plant than any of 
the other companies on the coast. 

(f) The establishment of a refinery at Trail would in 
no way interfere with the subsequent establish- 
ment of a refinery at the coast, should this be 

\ found advisable. 


THE ADVANTAGES OF REFINING COPPER IN CANADA. 


(1) The establishment of a copper refinery in Canada means 
the beginning of a new industry, which will lead to the 
manufacture of copper products now imported from the 
United States and elsewhere, such as wire, bars, sheets, 
tubes, ete. 

(2) It means that the money value of the labour now enjoyed 
by the United States, in manufacturing the imported 
products, would be kept within the Dominion. The 
value of the imported copper products is upwards of 
$5,000,000 annually. This amount does not include the 
value of brass imported. 

(8) It means that as approximately one-third of the value 
of the copper produced in the Dominion now goes to the 
United States to pay the cost of refining, freight and 
marketing, that amount would be saved to the Dominion. 

[Note 1—It costs from 8c to 11c per lb. to produce the finished product 
(ingot copper ready for the manufacturers) from copper ore in the mine. 


The market price of copper usually varies from 12c per lb. upwards. 
At present it is about 20c per lb. 


COPPER AVAILABLE 


Dr. Wilson estimates that there are over one thousand 
million pounds of copper available in the known ore deposits 
of British Columbia, most of which will be mined in all probability 
during the next fifteen years. 

The undeveloped resources cannot be estimated. 
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TOTAL COPPER MINED ANNUALLY. 


The total copper mined and partially manufactured in 
Canada is about 75,000,000 Ibs. annually. This will be increased 
probably to 100,000,000 lbs. within two years. 

The total copper mined and partially manufactured in 
British Columbia, is about 45,000,000 Ibs. annually. This, too, 
will be increased within the next two years. 


(Signed) DAVID CARNEGIE. 


6. PRELIMINARY CONCLUSION REGARDING THE 
| SMELTING OF ZINC ORES IN CANADA 


The following are the conclusions that have been reached 
as the result of these investigations, together with an indication 
of the reasons leading up to them. Further An ag will be 
found in the report. 

1. It is not advisable, at the present time, to establish in 
Canada a zine smelter of the standard type. _ 

The high cost of labour, fuel and supplies, handicaps any 
such smelter in Canada as compared with those in the United 
States. It might nevertheless be possible to smelt economically 
at a point like Medicine Hat where natural gas can be had at a 
normal charge, but the supply of zine concentrates of sufficiently 
high grade is so limited that the plant could not operate econom- 
ically even if no special difficulties were met in smelting the leady 
zine ores of British Columbia. Further, such a smelter would 
only be able to utilize a small fraction of the zine ores that are 
awaiting treatment, and it would seem more prudent to await the 
development, which cannot be far off, of a process that can handle 
the mixed ores as well as the high grade concentrates. 

2. After reviewing and investigating a number of processes 
for the treatment of low grade and leady zinc ores, it appears 
probable that one or more of these may shortly attain to com- 
mercial success. The Trail Smelter where investigations of this 
nature are now being made, in view of its location and present 
equipment, would be a suitable place for treating the British 
Columbia zine ores by such a process. 

3. Encouragement should be given to any competent 
concern engaged in developing such a process, with a view to the 
production of zine in Canada at the earliest possible time. 


April, 1915. (Signed) ALFRED STANSFIELD. 
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SECTION II. VISIT TO THE TRAIL SMELTER. 


7. DISCUSSION ON ZINC SMELTING. 


Internew at Trail Smelter of the Consolidated Mining and 
Smelting Company, 5th April, 1915. 


(Re-arranged from stenographer’s notes and notes by Mr. Warren.) 


There were present :—Mr. R. H. Stewart, General Manager of 
the Smelter; Mr. J. J. Warren, Director of the Company; Colonel 
David Carnegie; Dr. A. W. G. Wilson and Dr. A. Stansfield. 


ZINC SMELTING IN BRITISH COLUMBIA. 


The amount and character of the British Columbia zinc 
ores was discussed and the possibility of smelting these in a 
plant of the ordinary or Belgian type. It was pointed out 
that although there was a large amount of low grade and leady 
zinc ores the proportion of these that was suitable for smelting by 
the Belgian process was so small that it would hardly be possible 
to erect a Belgian smelter, especially in view of the high cost of 
labour and supplies in this country as compared with that in the 
zine smelting localities of the United States. The possibility of 
producing zinc by electrolytic methods was also discussed. Experi- 
ments were in progress at the Trail plant and it was thought possible 
that these might be brought to a satisfactory conclusion and that 
a plant could be built at Trail for the economical production of 
zine from a very large supply of low grade zine ores available. 
The following points were brought out in the discussion: 


1. SMELTING OF ORES IN BRITISH COLUMBIA BY THE BELGIAN 
PROCESS. 


(a) Supplies of Zinc Ores in British Columbia. 


These ores are not well suited to the Belgian process, 
being nearly all leady zine ores with only a moderate percentage 
of zinc. There, are, however two or three mines in British 
Columbia that are rich in zine and low in lead; in the Slocan 
district concentrates are produced containing 40-45% of zine 
that could be smelted profitably at present prices. The ore 
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from the Standard Mine, in the Slocan, is very high in lime and 
this is unfavourable for the Belgian process. The Sullivan Mine 
can supply a very large amount of ore containing 30% of zine. 
There is probably more of such ore in this mine than in any ten 
other mines in the country. It is now shipping to Trail 150 tons 
a day (50,000 tons a year) of lead zinc ore. 


(b) Present Utilization of British Columbia Zinc Ores. 


During the year ending 31st March, 1914, 10,000 tons of zine 
ore and concentrates were shipped from Canada to smelting plants 
in the United States—such as those at Dupue, Ill.; Argentine, 
Kansas; Bartletsville, Okla., and Collinsville, Okla. The freight 
to Bartletsville is $10. per ton of ore. The duty on ore entering 
the United States has been 15% of the value of the zine and 25% 
of the value of the lead in the ore when this was more than 
3%; the duty at the present time is 10% on the value of the 
ore, less certain deductions. 


In the case of a 45% zine concentrate shipped into the 
United States the miner would receive $22 per ton less a cost 
of $15.70 per ton which is made up as follows:— 


Preiehtieie. oC SS A ae oe $10.00 

Duty—10% on zine content............ 4 .95* 

Duty—5% on lead content.............. 0.757 
> eo 


The miner thus gets $5.00 or $6.00 as a net return from the ore.. 
A 45% concentrate, assuming a recovery of 85%, would yield 
765 lbs. of zine, which is worth at 5c per lb., $38.25. The probable 
cost of smelting this ore is about $10.00 a ton, so that the smelter 
receives $6.00 per ton in addition to the value of the lead which 
he receives for nothing, and 25% of the value of the silver content. 
The smelter pays the miner for 75% of the silver in the ore when 
this is over 6 oz. per ton. The British Columbia concentrates 
frequently contain from 25-30 oz. of silver per ton. It will be 


* This has been calculated on the zinc content, 900 lbs. per ton, at 53 cents 
per Ib.; actually the duty is charged on the net value of the zine content and 
is decidedly less than this figure. See Dr. Stansfield’s Report. 


+ The duty charged is 2 cent per lb. of lead on ores containing more than 
3% of that metal. 
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seen that the miner receives an important return from the silver 
content in addition to what he may make on the zine. It should 
also be noted that these concentrates were in a sense a by- 
product as the remainder of the ore, rich in lead, was sold to the 
Trail smelter for its contents of lead and silver. 


(c) Locations in British Columbia suitable for a Belgian Smelting 
Plant. 


In this connection it is necessary to consider: first, the 
supply of fuel, as nearly three tons of this is required per ton of 
ore treated; next the transportation of the ore from the mine, 
the transportation of the silver lead residues from the zinc 
smelter to a point at which they could be treated, and finally 
the transportation of the spelter to market. 

At Medicine Hat natural gas would be available for heating 
the furnaces while coke, or coke and coal from Bankhead could 
be obtained cheaply for reducing purposes. The freight on the 
ore from the Slocan to Medicine Hat would be $4.00 per ton and 
from Kimberley to Medicine Hat $2.00 per ton. The cost of 
returning the residues to Trail should be set against the value 
of the lead in these residues. 

At Lethbridge natural gas is available for heating furnaces, 
but trouble would probably be experienced over litigation with 
the neighbouring farmers. 

While a Belgian plant at Medicine Hat would depend on 
ore containing from 40-45% of zinc, yet a lower grade ore con- 
taining say 30% of that metal would probably yield a small re- 
turn when smelted at Medicine Hat, while a loss would be in- 
curred by shipping it to the United States. One can therefore 
consider that if there was not enough 40% ore for operating a 
smelter the amount could be made up by additions of 30% ore 
keeping the mixture up to at least 35% of zinc. 

At Fernie a zinc smelter could be operated economically 
with the aid of gas from the coke ovens. The coke produced by 
the Crowsnest Pass Coal Company only amounts to 60% of the - 
coal treated; the balance of 40% being largely a gas which would 
be suitable and sufficient in amount for operating a zinc smelter. 
A plant at this point would be independent of the length of life 
of the gas wells about which there is always some uncertainty, 
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and the lead-silver residues could be shipped back more cheaply 
to Trail. Fernie is only 200 miles from Nelson while Medicine 
Hat is 440 miles from Nelson. 


(d) Cost of smelting Zinc Ores by the Belgian Process in Canada. 


At a point in British Columbia the smelting of one ton of 
zine ore, using coal for fuel, would cost as follows:— 


81a TEs CRORE DSTO Ged ra ttt gt imE te AE fr $ 1.50 per ton. 
LNAIESTIONUALLGIDS us Nasco telers Ranken east RD 2.00 i 
Depreciation and interest............. 3.20 . 
PO OIIStPAtLOn | Y acen tus Me omens emus eke 1.00 a 
RGEVEAT IA Lone Bie tote a star aE Ay ae AR eatin 1.00 uF 
Miscellaneous supplies................ 0.25 * 
Clay— ton at $12.00 per ton........ 150 Me 
Coal—234 tons at $3.50 per ton........ 7.00 " 
Labour—2%4 men per day at $8.50..... 8.75 i 


$26.70 per ton. 


The tonnage of high-grade zine concentrates produced in 
British Columbia at present is not sufficient to support a modern 
smelting plant. If such a plant were started it would have to de- 
pend on lower grade ores, of which a considerable tonnage is avail- 
able. It may be assumed that the total tonnage of ore available 
would probably not average over 30% of zine, or 600 lbs. to a ton. 
With an extraction of 75% only 450 lbs. of metal would be ob- 
tained, and at a price of 5°5 cents per lb. this would yield $24.75. 

By the use of natural gas at some point like Medicine Hat 
the cost of smelting a ton of 30% zinc or would be as follows:— 


AVAL EN i fie es SR ges 8 $ 1.50 per ton. 
Transportation (iy ies GU Oa 2.00 v 
Depreciation and interest............ 2.00 ie 
Administrations. 5.4 Var Gee eee, 1.00 2 
Repairs 300 yi Ee 1.00 ih 
Miscellaneous supplies................ 0.25 . 
CAI a eis a Uk Nay ol sae Ne ae 1.00 ;: 
Reduction material (anthracite)....... 1.50 He 
ET Ce ik AAO UNS ah a en aaa 2.00 iy 
Pam 85 sa Te ee are ae eB 7.00 


$19.25 per ton. 
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It will be seen that in this case the cost of smelting a ton of ore 
is less than the value of the zinc to be produced. A further 
sum of $3.16 per ton should be allowed to cover the transport- 
ation of the spelter to markets in the east. It will be noted 
that it takes 44 tons of ore to produce one ton of spelter. 


It was stated that the cost of a Belgian plant for the treat- 
ment of fifty tons of ore daily, using coal as fuel, would be about 
$16.00 per yearly ton of ore, thus a 50 ton plant would cost 
about $300,000 in the United States, while in Canada about 
25% additional should be allowed. 


Crowsnest coal costs $2.00 per ton at the mine and $4.50 
to $4.70 at Trail. Bankhead coal would cost $4.00 per ton at 
Medicine Hat. A culm from Bankhead costing from 75c to 
$1.00 at the mine, would cost nearly $38.00 at Medicine Hat, 
allowing $2.00 for freight. 


Californian fuel oil can be purchased f.o.b. Trail at 85 cents 
per barrel, and 34 barrels of this oil is equivalent to 1 ton of 
Vancouver Island coal. A plant at Trail would cost about $20.00 
per ton of ore smelted yearly. 


The Welsh Belgian zinc furnaces contains from 150-168 
‘pots’ each. Each pot or retort holds 300 pounds of charge 
(ore and reducing coal). The retorts are 5 ft. long, 10 inches 
high and 8 inches wide inside, having a capacity of 2 cu. ft. 
In regard to smelting zinc ore by this process it was questioned 
whether a 45% concentrate could be smelted in Canada as pro- 
fitably as in the United States, but it appeared that in the case 
of the lower grade ores the saving of freight might be relatively 
more important, and it was stated that if $400,000 were spent 
in erecting at Medicine Hat a 50 ton plant it should be possible 
to make a profit of $3.00 per ton on smelting 30% zinc. ore 
when zinc was worth 53 cents a lb. 


Il. ELECTROLYTIC PRODUCTION OF ZINC. 


The management at Trail were doubtful whether such a 
process could be worked out successfully, but assuming that 
this could be accomplished it was calculated’ that the cost of 
the process would be as follows for a 30% zine ore:— 


Mining) <3ioio Sis eal eee $ 1.50 per ton. 
Transportation), <i. 3s aie tns Gavi: AG x 
Roasting: oso Sees A eee Boo at PF 
Power at. Frail ingress hisses 2.50 fe 
Laachingn Sly cutee, cuties eke oh ce 0.50 = 
TADOUT Le Ha eer ude ee ae ear et) i 
Depreciation Peneray. 4 o.oo a yee we b Blast pbs 
Depreciation specific on transformers.. 0.20 " 
Transportation of spelter............. PY, e 


$14.35 per ton. 


It was caleulated that such a plant, having a capacity of 50 tons 
of ore per day, would cost from $150,000 to $200,000. 


From the 30% ore, assuming an extraction of 70% there 
there would be a yield of 420 lbs. of spelter which at 53 cents 
per lb. would bring in $23.10. This will leave a surplus of $8.75 
from which, however, the interest and management charges must 
be deducted. 


Mr. Stewart gave some account of their experiments 
with the French process, but said that good results were 
only obtained for the first twelve to twenty-four hours. 
They had spent $35,000 on these experiments, but were 
abandoning the process. They were now using what he de- 
scribed as the self-neutralization process this being satisfactory 
on account of the small amount of iron in the solution. They 
find that the deposit is better when a considerable amount of 
free acid is present. The voltage employed is about 4, ranging 
from 33 to 45, and the current density 30 amperes per square 
foot. ‘The power consumption has been as low as 14 to 13 KW. 
hours per lb. of zinc. The solution contains 15% of zine and 
about 4% to 5% of free acid; the same process is in use by the 
Anaconda Copper Company. At Trail, power obtained from 
Bonnington Falls was stated to cost as much as $42 00 per h.p. 
year. The present capacity of the power plant is 24,000 h.p. of 
which ‘Trail uses 6,000 h.p. On account of the small proportion 
of the power that is employed the charge made per h.p. year is 
high. Very much lower figures were mentioned as the probable 
cost if a large electrolytic plant were in operation. The power 
consumption for the electrolytic process amounts to about 150 
KW. days or 200 h.p. days per ton of zine. 
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Mr. Stewart stated that while there was not any large 
quantity of ore available for use by the Belgian process, there 
was an ample supply of ore containing 30% or more of zine that 
could be treated by electrolysis. The cost of obtaining this 
ore from the Sullivan Mine would be $1.50 per ton for mining and. 
from $1.60 to $2.00 per ton for freight. Mr. Stewart considered 
that for the treatment of this ore the electrolytic process would: 
be cheaper than the Belgian. Assuming the ore to contain 30% 
of zinc and the extraction to be 70% the yield of zinc would be 
420 lbs. per ton of ore. This at 12 KW. hours per lb. would 
require 735 KW. hours, and charging $20.00 per h.p. year (equal 
to 3/10ths of a cent per KW. hour) the cost of power would 
amount to $2.50 for the treatment of one ton of this ore. This 
figure was assumed in the calculations with the understanding 
that power at Trail could be obtained at $20.00 per h.p. hour. 
A plant for treating 50 tons of ore per day was stated to cost 
about $200,000 which was about $100 per h.p. The following 
items of cost were given with regard to the equipment of a plant 
for the treatment of 50 tons of ore per day. Such a plant would 
require 2000 h.p. Motor generators cost about $15.00 per h.p. 
or $35,000. A 1000 K.W. transformer from 60,000 volts would 
cost $2,500, three of these would be required. A motor generator 
set of 1000-1200 K.W. would cost $21,000. Switch equipment 
for three 1000 K.W. units would cost $6,000. A roasting plant for 
treating 50 tons per day would cost $5,000. The total arrived at 
was $150,000. Depreciation and interest on this amounts to 
$1.30 per .ton.: 


Aluminium sheets were found to make the best cathodes. © 


The Watts process was mentioned, and it was stated that 
the solution could be kept neutral during electrolysis if zine 
oxide were placed anywhere in the tank—in canvas bags for ex- 
ample. It was thought that large cathodes should be employed 
for this process. ‘Trouble was experienced in the work from 
the formation of hydrogen and it was stated that if this could 
be removed the process would be very much more satisfactory. 
Mr. French used sulphurous acid as a depolarizer. 


Unskilled labour at Trail costs $3.00 a day and mech- 
anics $4.00 to $4.50; the average cost for labour being about 
$3.50. 
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Ill. THE PRODUCTION OF ZINC OXIDE. 


» 


Mr. Stewart spoke of the experiments which had been 
made in regard to separating zine and lead from the ore in the 
form of a fume; using the Dedolph furnace they had been able to 
separate 60% of the lead and 8% of the zinc in the ore, and they 
were going to try whether with a larger amount of fuel it would 
be possible to remove the zine as well as the lead. In this 
connection it was stated that no zine was given off from the 
top of a lead blast furnace when using zincy ores. It was in- 
tended, if possible, to remove the zinc and lead from the ore 
and to smelt the residue by charging it into a copper converter. 
It was stated that sulphur in the ore could be driven off rapidly 
in a Bessemer converter. 


IV. MISCELLANEOUS. 


The electric smelting of zinc ores was mentioned. Mr. 
W. McA. Johnson had made a proposition to treat the ore, but 
needed too much assistance and could not guarantee satisfactory 
results. The possibility of obtaining zinc by electrolysis of the - 
fused chloride was spoken of and it was stated that this would 
cost too much on account of the need of evaporating the solution. 

The sulphite process of extracting zine from its ore as oper- 
ated at Swansea was described. The ore was roasted at a 
low temperature in a McDougal furnace provided with mufflers. 
The ore was placed in a tower and acted on by water and roaster 
gases yielding bisulphite of zinc. 

The consumption of spelter in Canada was considered in 
the report by Dr. Stansfield, details of which are given. 
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2. DISCUSSION ON COPPER REFINING. 


Interview at Trarl Smelter of the Consolidated Mining and 
| Smelting Company, 6th April, 1915. 


(Re-arranged from stenographer’s notes and notes by 
Mr. Warren.) 


There were present:—Mr. R. H. Stewart, General Manager 
of the Smelter; Mr. J. J. Warren, Director of the Company; 
Colonel David Carnegie; Dr. A. W. G. Wilson and Dr. A. 
Stansfield. 


COPPER REFINING IN BRITISH COLUMBIA. 


The Company’s officials were decidedly of the opinion that 
Trail was the best location for a copper refinery in view of the 
amount of copper ore and products available, the existing plant 
and experience of the staff. The following points were brought 
out in the discussion. 


_I. LOCATION OF REFINERY. 


It was considered that the Trail plant was at the present 
time the best location for a copper refinery, especially in view of 
the fact that the copper produced on the Pacific Coast of British 
Columbia was obliged by contracts to be sent to the States for 
smelting or refining. If a refinery were now erected at Trail the 
possibility of operating it commercially would be demonstrated 
within a few years and by the time the contract for the Britannia 
output had expired it would be possible to start a second refinery 
on the Pacific Coast. The Consolidated Mining and Smelting 
Company are about to put in a converter plant to produce 
blister copper from their own matte. This copper will be so 
rich in gold and silver that it will be impossible to sample it 
accurately or to sell it at a profit to American refineries. The 
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Company will therefore be obliged to refine their own copper 
in any case, and it is desirable that the copper from surrounding 
districts should find its way to the Trail plant. 


The copper matte made at Trail is worth from $600-$800 per 
ton for the gold and silver contents alone; the copper being 35% 
and the gold from 20-35 oz. per ton. Matte is sometimes shipped 
containing as much as 70-80 oz. of gold per ton, and an equal 
amount of silver. The saving by converting this matte to blister 
at the Trail plant instead of selling it amounts to }-2o0z. of gold 
per ton. | 


At the Trail smelter there is in operation an electrolytic 
lead refinery costing about $250,000 and having a capacity of 
eighty-five tons per day. This plant could be enlarged so as to 
handle a considerable tonnage of copper without materially in- 
creasing the overhead charges. The lead refinery also would serve 
to work up the slimes produced in the copper refining, and the 
combination of the copper and lead refining plants would thus 
result in a notable economy. 


Il. SUPPLIES OF COPPER IN BRITISH COLUMBIA. 


It was stated that in the year ending March 31st, 1914, 
45,000,000 lbs. of copper (in the form of ore, matte, or blister) 
was produced in British Columbia, of which 23,900,000 lbs. were 
produced in territory tributary to Tide Water, the remainder 
being east of the Cascades, and of the latter 16,400,000 lbs. were 
produced in the Boundary country, and 4,600,000 lbs. at Trail. 
It was stated that there is every probability that the copper pro- 
duction in the interior of British Columbia will increase very 
materially. There are, for example, very large deposits of copper 
in the British Columbia Copper Company’s property. The latest 
available estimate was 6,000,000 tons of ore which should yield 
a net recovery of from 1-8% of copper. 


There are 1,000 to 1,200 tons of copper ore coming daily from 
Rossland to the Trail smelter. The Granby smelter, about 100 
miles away, is now smelting 2,500 tons of ore per day in six fur- 
naces, their total equipment being eight furnaces with a capacity 
of 3,700 tons per day. It is expected that the matte made at 
Granby will be available for refining at Trail. In regard to the 
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re-melting of this material, it was stated that cold matte could 
be re-melted in the copper converters at Trail without any cost 
for fuel. Cold matte equal to 75% of the molten matte can be 
handled in this way. 


Ill. COPPER SMELTERS AND REFINERIES. 


At the present time there is no copper smelter in operation 
at the coast;* the Tyee Copper Smelter having been closed down. 
In the United States there is a refinery at Tacoma having a 
capacity of about twenty tons per day. The output of this 
refinery is however limited to the capacity of the western market 
for copper; the remainder of the copper being shipped in the 
crude form to Baltimore. 


IV. COST OF ELECTRIC REFINING AND PLANT. 


The cost of refining copper by electrolysis in the western 
part of the United States was stated to be $12.00 per ton, 
but at Great Falls, where the cost of power is nominal 
($20.00 per h.p. year), it was estimated at $6.00 per ton. 
In eastern refineries, for an output of 200 tons a day or 
over, the cost was stated to be from $4.00 to $5.00 per 
ton, exclusive of overhead charges. It was stated that a 
plant for producing fifty tons of refined copper per day would 
cost $250,000 and that a plant for producing 100 tons per day 
would cost $450,000. These figures were understood to include the 
casting furnaces for anodes and cathodes. In an electrolytic 
refinery the-copper undergoing treatment is tied up for about 
thirty days so that in a 50-ton plant some 1,500 tons of copper 
would constantly be in stock and this at 15c a lb. would be 
equivalent to $450,000 or for a 100 ton plant $900,000. 

A refinery erected at Trail should cost somewhat less than 
the above figures in view of the existing lead refining and copper 
melting furnaces. It was stated also that the 85-ton lead re- 
fining plant at Trail which cost $250,000 was practically the same 
as a 50-ton copper refining plant. The overhead charges at 
Trail for superintendence would amount to 30 cents per ton on 


* There is, of course, the large new smelter at Anyox, on the Portland 
Canal. 
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account of the division of these amongst the different parts of the 
works. The overhead charges on the lead slimes plant is now 
$1.00 per ton of lead, and the expense for superintendence would 
not be increased if the plant were extended to include the treat- 
ment of the copper slimes. The present charges for labour in 
the tank room of the electrolytic lead plant were $1.50 per ton; 
the labour cost for the treatment of the slimes was $1.00 per ton 
of lead. 


The amount of copper refined per K.W. hour varies from 
7-9 lbs. Thus 192 lbs. of copper would be produced daily by 
1 K.W. and 100,000 lbs (or 50 tons of copper) would be produced 
per day by 200 K.W. One ton of copper requires about 240 K.W. 
hours. The cost of power at Trail was stated to be $42.00 per h.p. 
year, at which figure the cost of power for refining a ton of 
copper only amounts to 85 cents. On this basis the estimated 
cost of refining copper at Trail in a 50 ton plant was as 
follows :— 


POW CR ORS Ven) ak ated A $ 0.85 
habouri: 25:0 8h s Sea eee eee sun ea oO) 
Denrecitation: Maley ee eis suN iii ears anaes 2005 
Arvberests4 32 Ne Os: i ee ee 1.46 
Overhead Charges sii 00) Seis Sie aaa 0.30 

7.16 


In the refining plant at Great Falls the melting furnaces cost 
about $2.00 per ton of copper for fuel, and with labour this 
amounts to $2.50 for remelting the copper. 7 


V. FREIGHT RATES. 


The following freight rates were given:— 
From Trail to Montreal by rail....... $11.00 per ton. 
From Vancouver to Montreal by rail.. 10.00 
From Great Falls to the East by rail.. 10.00 ‘“ 
From Vancouverto Montrealvia Panama 5.00 “ 
From Seattle to New York via Panama 4.50 “ 
It was stated that the shipment of blister copper to the east 
would be the same as that of the refined copper made from it. 
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3. ELECTROLYTIC COPPER REFINING. 


Consolidated Mining and Smelting Company, Trail, B.C. April, 
1915. 


(A Series of questions asked by Dr. A. W. G. Wilson and answered 
by Mr. R. Stewart.) 


A. 1.Q. Data re probable cost of refining of 50 tons daily 
capacity in— 


(a) Trail, Power at $20.00 per K.W. year and 
coal at local rates. 

(b) Eastern Canada, Power at $10.00 per K.W. 
year, coal at $4.00. 

(c) Typical United States Plant. 


A. (a) Probably $7.00 to $8.00 plus cost of refining 
ick slimes which in connection with present refinery 
would be very small. 


(b) Probably $8.00 to $10.00, the difference being due 
to the fact that the refining of slimes, handling 
copper slags, melting anode bars and casting anodes, 
and general handling of by-products would require 
a separate operation, where in connection with the 
smelter they would cost but little. 


(c) We believe from $6.00 to $10.00, according to 
to size, location and design of plant. Such costs are 
not readily available as they are in most cases kept 
secret by the companies operating the refineries. 


2.Q. Auxiliary plant required: and approximate capital 
costs. 
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A. The plant would consist of:— 
(a) Tank room. 
(b) Silver and gold refinery. 
(c) Refining furnace and casting machine and 
building. 
(d) Storage room for copper. 
(e) Melting furnace for anode bars scrap. 
(f) Boiler plant. 
(g) Motor generator and other electrical equip- 
ment. 
(h) Bluestone plant. 
(i) Repair shop. 
(j) Office and laboratory. 
(k) Seale house. 
(1) Sampling plant. 
Probably $500,000 in West. 
$400,000 in East. 


Such a plant at Trail, operated in connection with the smel- 
ter and present plant, would omit (b), (d), (e), (f), (h), (i), Gj) 
and (k), probable cost, $800,000 to $850,000. 


3.Q. Operation of a 50 ton plant:— 
(a) Staff required(Technical, salaries) 
(Workmen, wages) 
(b) Power required. 
(c) Fuel required. 
(d) Raw materials and quantities. 


A. (a) Difficult to get at off-hand. Technical staff at a 
separate operation necessarily much more expensive 
than in connection with smelter. 

(b) Power, say, 700 to 750 K.W. 

(c) Would depend on whether used in connection with 
smelter or whether by-product melting furnaces, etc., 
were a separate operation. 

(d) No very definite idea. 


4.Q. Capital required :— 
(a) Plant construction. 
(b) Locked up in operation. 
(1) Copper anodes and cathodes. 
(II) Electrolyte. 
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(III) Gold and silver residues. 
(IV) Copper in furnace slags and flue dust. 
(V) Copper in residues. 
(c) Interest charges per ton of ore per day. 
(I) On capital in plant. 
(II) On locked up material, including blister under- 
going treatment. 
(IIT) Depreciation. 


A. Capital required :— 


Trail East. 
(a) Plant as above. . .$3800,000-$3850,000 $400,000 
(b) 1. 30 days copper $360,000 $450,000 
2. SRO OOO Oe i Waals, 


3. Impossible to estimate, being entirely de- 
pendent on gold and silver contents of 
blister approximately three weeks pro- 
duction of gold and silver. 

4. and 5. If run in connection with smelter 
should be kept cleaned up. Say $10,000. 

(c) land 2. Interest charges at 6 per cent. per annum 
on above. 


3. Depreciation on plant alone. 


5. Q. Products of a 50 ton Electrolytic refinery per annum. 


A. 


(a) Electrolytic copper. 

(b) Gold and silver. 

(c) Antimony and minor metals. 
(d) Copper sulphate. 

(e) Copper bearing slags. 

(f) Copper scrap. 


(a) Presumably fifty times 365. 
(b) Impossible to guess at, depending altogether on 
contents of blister. 


(c) Impossible to guess at, depending altogether on 
contents of blister. Probably not much to be 
recovered, at least, at first. 

(ay? 

(e) ? 

(f) Probably about 10% of production. 
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6.Q. Marketing of Products. 


(a) Location of markets. 
(b) Cost of marketing. 
(c) Present purchasers in Canada. 


A. This question can be best answered by the Department 


of Trade and Commerce. 


7.Q. Utilization of Products:— 


(a) For manufacturers. 
(b) For agriculture. 


A. This question can be best answered by the Department 


of Trade and Commerce. 


8.Q. How are such materials marketed? 
A. Don’t understand to what the question refers. 


B. Q. Advantages peculiar to Trail and the probable percentage 
saving in operation of a small unit at this point. 


A. (1) 


(2) 


(3) 


(4) 


(9) 
(6) 


(7) 


(8) 


No refinery would buy blister copper made from 
Trail matte on account of high gold value, say 
60 to 100 ozs. per ton, on account of the difficulty 
of accurately sampling it. Hence, it is imperative 
that Trail blister be refined by the owners. | 

Trail has now in operation a gold and silver refinery in 
which, with little capital expenditure, the additional 
slimes could be refined at very small extra cost. 

Trail has now in operation a bluestone plant in 
which further bluestone can be made, and a market 
for the production of such a plant. 

Copper slags and by-products, scrap, etc., can be 
handled in converters or blast furnaces now in oper- 
ation or being installed, and will require little 
extra plant. 


Organization necessary is on the ground. 


Tank room can be handled in connection with elec- 
trolytic lead refinery now in operation, and with 
probably reduced cost on that account. 

Refinery up to, say, 15 tons can be operated in 
buildings already erected, with small additions for 
‘melting and casting refined copper. 

With the probability of electrolytic zinc the three 
electrolytic operations can be handled together 
with advantage. 
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(9) Trail would be a good point at which to collect 
blister copper from smelters in the interior of 
British Columbia for refining. 

(10) The capital expenditure necessary for a small re- 
finery at Trail would be less than at any other 
point owing to present refining operations. 

(11) Power is developed and on the ground. 


C. Q. In what form, if any, would you suggest assistance in 
the establishment of a zinc and copper refinery and 
in what way do you consider such assistance would react 
upon the manufacturers of the finished products of 
copper and zinc? | 

A. Suggest bounty or bonus per ton of copper refined in 
Canada for a period sufficient to establish the industry 
and to enable it to compete with larger refineries in 
the United States. 

Copper is purchased practically in the open market and 
the market is immense, so that the effect on manu- 
facrurers of finished articles would be negligible, duties 
on such articles would encourage manufacture. This 
applies also to zinc. 


MISCELLANEOUS. 


1.Q. Names and addresses of users of zinc, lead and copper 
in Canada? 
A. Department of Trade and Commerce should have better 
information than ourselves. 
2.Q. Exporters and consumers including European? 
A. Department of Trade and Commerce should have better 
information than ourselves. i 
3.Q. Particulars regarding the qualities, amounts and location 
of the various copper ores in British Columbia? 
A. Department of Mines. 
4.Q. The influence of the Labour Unions upon the labour at 
3 Trail? 
A. Labour Union usually well behaved with a tendency to 


increase wages at intervals. Branch of Western 
Federation of Miners. 


5. Q. 


6. Q. 


7. Q. 


11. Q. 
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What influence do you think the refining of copper and 
zinc in Canada would have on the manufacturing in- 
dustries of copper and zine in Canada, the United 
States and Europe, and also upon the industries using 
copper and zinc? 

None, unless it might encourage such industries in the 
West. Copper is, however, obtainable from Great 
Falls, Montana; and Tacoma, Washington, in the West, 
at freight rates similar to those which might obtain 
from Trail. 


Would the establishment of a refinery for copper and zinc 
in Canada create unhealthy competition between the 
United States and Canada and thus reduce the price 
of copper and zine and make it unprofitable for Canada 
to continue refining by reason of the smaller output? 


. Canadian copper production will need to grow consider- 


ably before it is even noticeable. 


What is the comparative cost of living in the mining and 
smelting districts in the United States compared with 
the same districts in Canada? } 

I believe probably from 15% to 40% lower in United 
States, according to location. 


What are the comparative labour costs of the mining, 
smelting and refining in the Unites States and Canada? 
Wages are from 15% to 30% higher in Canadian smelters 
than in the United States. Wages for common labour 
as much as 100% higher than in Southwestern States. 


What is the probable amount of business with the United 
Kingdom in copper and zinc? 

In zinc, none. Copper depends on output,—no means of 
ascertaining. 


What finished products in copper and zine do you con- 
sider as a manufacturing adjunct to the smelters? 


. . None, except refined metals, unless some special market 


should develop. 


What by-products from the smelter could be utilized 
for economical purposes? 
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A. Don’t understand how much is meant by the question. 
Depends on the markets available. Most probable’ 
available by-products would be arsenic, antimony and 
bluestone, and *sulphuric acid, if the market justified. 


* A sulphuric acid plant has since been established at the works of the 
Consolidated Mining and Smelting Co., Limited, at Trail, B.C. 
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ZINC SMELTING AND OTHER EXTRACTION 
PROCESSES. 


Consolidated Mining and Smelting Company, Trail, B.C., April, 
1915 


A series of questions asked by Dr. A. Stansfield and answered 
by Mr. R. Stewart. 


BELGIAN PROCESS FOR TREATING ZINC ORES. 


1.Q. Data re probable cost of a Belgian Retort Plant for 
treating 50 tons daily of 35% zine ore in Canada? 
(a) Capital required for Plant construction. 
(I) Roasters. 
(11) Distillation Furnaces. 
(III) Retort making plant and other auxiliary 
equipment. 
(b) Capital required for operation (including stock 
and supplies). 
2.Q. Approximate cost of operating such a plant at:— 
(a) Fernie, B.C., using excess gas from a by-product 
coking plant. 
(b) Fernie, B.C., using local coal and regenerative firing. 
(c) Medicine Hat, Alta., using natural gas at 2c per 
1000 cu. ft. (1100 B.T.U.). 
3. Q. Operations of a 50-ton Belgian plant at places indicated? 
(a) Staff required, technical, salaries; workmen, wages. 
(b) Power required and costs. 
(c) Fuel required and costs. 
(1) Roasting. 
(II) Reducing. 
(III) Retorting. 
(d) Raw material and quantities, 
(1) Ores. 
(IT) Clay. 
(III) Sundries. 
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A. Regarding the BELGIAN PROCESS FOR TREATING ZINC 
OrES:— I told Dr. Stansfield at the time he was here 
I had no very definite information on the subject,— 
Dr. Stansfield’s figures were as accurate as any that I 
could possibly obtain in this part of the country where 
there is no zinc smelting. 

It will be possible, if the Government actually intends to 
put in a plant for the smelting of zinc, or to assist in 
the putting in of a plant for the recovery of zinc, to get 
the necessary information and apply it to the different 
places where zinc smelting might be practiced in 
Western Canada, and then to make estimates of the 
eost of building and operating such a plant, but this 
will involve a considerable expenditure of time and 
money. In the meantime, Dr. Stansfield’s own figures, 
obtained from Mr. Ingalls and others, are probably as 
accurate as can readily be obtained. 

With regards to questions 1, 2, and 8, we have no in- 
formation which would enable us to give intelligent 
answers to these three questions. 


4.Q. Data re probable available supply of zinc ores from B.G. 
Mines? 

A. Mr. Turnbull has given Dr. Stansfield an estimate of 
the probable available tonnage of some of the mines. 
Without an exhaustive examination of the mines, 
which are not owned by this Company, and, whose 
owner’s permission would be required to make such 
examination, it is impossible to give any intelligent 
estimate as the owners themselves have not, as a rule, 
any idea of the probable tonnage of ore available, 
and are very loath to give out the information. 


5.Q. Information in regard to special difficulties or increased 
costs likely to be encountered in treating the B.C. ores 
by this process, as compared with the ores treated in 
Kansas Zinc Smelting Plants? 


A. As we have had no experience in the smelting of zinc 
ores, we are not informed as to this question, except as 
to the matter of labour, which, in British Columbia, 
would be probably 30% to 40% higher than in Kansas 
plants. 
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6.Q. Freight charges for moving materials? 
(a) Zine ores from B.C. mines to Fernie. 
(b) Zine ores from B.C. mines to Medicine Hat. 
(c) Retort residues from Fernie to Trail. 
(d) Retort residues from Medicine Hat to Trail. 
(e) Spelter from point of production to market 
(Montreal and Sydney)? 


A. Mr. W. R. MacInnes, General Freight Manager, Cana- 
dian Pacific Railway, Montreal, would be the most 
likely person to give you accurate information on this 
point. Commodity rates are very variable and there is 
no logical basis on which one can predict any rate. We 
believe rates might be as follows:— 


Rates on From To Probably 
ZINnG@ioresa.| Gai), B.C. Mines... Fernie... 7, S2.00eiseloe 
Zine ores....... B.C. Mines. ...Medicine Hat. .$3.00 to $2.50 
Retort residues... Fernie? 3344... Trane eee $2.00 
Retort residues.. Medicine Hat..Trail......... $3.00 to $4.00 
SPOLOIe yyy ihe tele BGPie ys ail eae Montreal... .- $12.00 
hei $roVk ics ae Sa Fernie: «sce SVCOHEY cuseet oe $14.00 
SRGILER Hele, Medicine Hat..Montreal...... $10.00 
Sy OTE 2) an ae Medicine Hat..Sydney........$12.00 


7.Q. Treatment charges as follows:— 
(a) Cost of smelting retort residues at the zinc plant 
at the points mentioned? 
(b) Treatment charges on retort residues at Trail? 


A. As to the cost of smelting retort residues, I am not very 
well informed. I would refer you to two paragraphs in 
the Report of the Zinc Commission, Mines Branch 
of the Interior, for 1906, referring to the smelting of 
such products, which appears to show that the smelting 
of these residues at a zinc smelter is unprofitable, where- 
as, where residues are shipped to a lead smelter they can 

be treated at a moderate rate. (Copy attached) * 
wrt tr cine ocr ect ES ee 
*Extract from the Report of the Zine Commission, Mines Branch of the 
Interior, for the year 1906; page 35. 


“At Iola, Kan., the smelting of retort residue containing 10 to 16oz. silver, 
0°080z. gold, and about 6% lead, was abandoned as unprofitable after a long 
trial, although 91% of the silver, 92°5% of the gold and 92% of the lead were 
€ 
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8. Q. Probable recoveries of zinc, lead and silver by such a 
process? 

A. Recoveries of zinc are, as I understand, from 75% to 
81%, and recoveries of lead and silver are, I believe, 
high, although the operators of zine smelters are not 
in the habit of publishing their recoveries. 


TREATMENT OF LEADY ZINC ORES 


1.Q. What process, if any, could you recommend as being :— 
(a) Definitely known to be suitable for the economical 
treatment of low grade and mixed lead ores of 
B.C., such as the Sullivan ores. 
(b) Probably suitable for this purpose. 


A. I know of no process which is at present in operation for 
the treatment of ores of this nature, and, therefore, 
there is no process which I could recommend for any- 
thing more than experimental work. I may say, 
however, that we are now producing about 500 lbs., 
daily, of zine spelter, electrolytically, with about 1.8 
kilowatt hours per pound of zinc, which power con- 
sumption can probably be reduced very considerably in 
a plant working under normal conditions, and I am 
in hopes that as the process has developed so far it 
may still further develop within a short period of 
time. ; 

2.Q. What action, if any, on the part of the Government in 
your opinion would help to accelerate:— 

(a) The completion of necessary experimental work, 
leading to the development of a satisfactory 
process. 

(6) The establishment at Trail, or elsewhere, of a 
plant for treating these ores and producing zinc 
in Canada. 


recovered. It may be assumed, therefore, that the cost of smelting was 
considerably in excess of $10.00 per ton. 

“On the other hand, in a very favourable location, such as Pueblo, Colo., 
where there are silver-lead smelters treating an immense tonnage of ore, with 
which the zinc residue can be advantageously mixed in comparatively small 
proportion, the cost of smelting it may be quite moderate, say $5.00 per ton.” 
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A. (a) As to what action on the part of the Government 
would help to accelerate the completion of necessary 
experimental work,—I am not sure that any action of 
the Government can complete necessary experimental 
work, as there are sufficient inducements for the com- 
pletion of any process which will satisfactorily treat 
leady zinc ores, due to the fact that there are such ores, 
to be found in every country of the world, which have 
been waiting for such a process for many years; and 
there are now a great many of the larger metallurgical 
companies using their best endeavours to find such a 
process and who would be only too glad to take up any 
such process if it had the appearance of being feasible. 


(b) In order that a successful plant may be established 
at Trail, or in any part of the Dominion of Canada, for 
the treatment of such ores, it is necessary that such 
plant compete with established plants producing zinc 
in the United States and elsewhere; and, owing to 
the general higher costs of labour and supplies, due to 
the Customs Tariff; and to generally higher rates of 
wages, it would be necessary for the producer of spelter 
to receive greater returns for his spelter than in the 
United States or Europe. It would appear, therefore, 
that to offer inducements towards the establishment of 
the industry in Canada it would be necessary for the 
Government to either— 


(a) Agree to place a protective tariff on zine and zine 
products,—galvanized iron and all manufac- 
tures of zinc, such as, brass which could be man- 
ufactured in Canada, or, 


(b) Pay a bonus on all zine manufactured in Canada, 
until such time as a tariff on zine and zine pro- 
ducts could be applied, or until such a time as 
the production of zine in Canada would justify 
the imposition of a tariff on zine and zinc pro- 
ducts. 


Such bonus, or royalty, should tend to equalize the dif- 
ferences in the cost of manufacture in Canada and 
elsewhere. If this were no inducement to the estab- 
lishment of the zinc smelting industry in Canada, it 
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would appear that the time was not yet ripe for the 
establishment of such an industry. ~ 


TREATMENT OF MIXED ORES BY ROASTING TO SULPHATE, LEACHING 
WITH SULPHURIC ACID AND ELECTROLYSIS OF THE 
SULPHATE SOLUTIONS. 


1.Q. Technical details of the experimental results obtained? 


A. As most of the experimental work with which we are 
acquainted in this direction is being conducted by 
private enterprise, the details are more or less private 
property, and have generally been obtained confident- 
ially, so that it would seem to be out of the question to 
make any statement as to such details. As our to 
own work, we are obtaining, as I said before, 500 lbs. 
of spelter per day with a current expenditure of 1.8 
kilowatt hours per pound of zinc. As to the details 
for which Dr. Stansfield asks,—most of them have yet 
to be worked out; as in our preliminary work we have 
considered that the most important point was to find 
out whether we could produce the spelter continuously 
with a reasonable power consumption. 


The roasting so far has been carried on in the ordinary 
manner in the Wedge furnaces at a comparatively low 
temperature, and no very particular attention has been 
paid to the recoveries possible by leaching, except that 
some experimental results have given as high as 75% 
to 80% extraction of zinc from the ores. The amountof 
acid used per ton has not been determined, and is 
liable to vary very considerably, according to condi- 
tions under which the ore is roasted, and this will only 
be determined by operations on a larger scale. 


The particulars of the electrolytic process, I hardly feel 
at liberty to give at present, as they are not definitely 
worked out and are more or less private property. 
The essential feature of the operation will naturally be 
the final cost of producing one ton of spelter, and until 
definite plans for the arrangement of a refinery; the 
handling of materials; the method of leaching on a large 


2. Q. 


3. Q. 


2. Q. 


34 


scale, and the disposition of the residues are deter- 
mined, it will be impossible to make any intelligent 
estimate. 

What difficulties, if any, stand in the way of the immediate 
use of the process, for the commercial production of 
spelter from British Columbia ores? 


In the event of any such difficulties being overcome:— 
(a) What would be the cost of erecting at Trail, the 
plant necessary for treating by this process, 50 

tons daily of these ores? 
(b) What would be the cost of operating this process? 


In view of the fact that the process as used here is in such 
an infantile state, it is impossible to give answers to 
questions 2 and 3, the power cost being the only thing 
definite about the process. 


FURNACE CONCENTRATION PROCKESS. 


Do you know of any suitable process for treating the B.C. 
leady-zinc ores, so as to obtain the zinc and lead in the 
condition of a fume (metallic or oxidized) :— 

(a) Leaving a slagged residue to be treated for the 
silver contents? 

(b) Leaving a clean slag and a matte or bullion carry- 
ing the silver? 

There are probably several experimental processes which 
might possibly produce the desire results, but we know 
of no process which could, at present, be recommended 

to produce it. 


What would be:— 
(a) The cost of such a process? 
(b) The nature and composition of the fume? 
(c) The recovery of the zine and lead? 
(d) The distribution of the silver between the fume 
and the residue? 
(e) The cost of recovering the silver from the residue? 


As these processes are apparently in a very experimental 
stage, we can form no idea as to the costs of operation, 
or the recoveries. We presurne that the composition 
of the fumes would be combined lead and zine oxides 
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and sulphates. There would probably be a consider- 

able amount of silver carried over with the fume as 

long as there was much zinc carried over. The cost of 
recovering the silver from the residue would probably 

be the cost of smelting the residue and producing a 

copper matte carrying the silver, and then refining 

the copper matte, or, of smelting the residues in a blast 
furnace with the lead fume and recovering the silver by 
means of the lead. The costs would naturally depend 
very much on the nature of the operations and could 
not be estimated unless the process were laid down 
definitely. 

3.Q. Would any of the following processes be suitable for 
the above purpose? 

(a) Roasting in Wedge Furnace and blowing on 
Wetherill grate? 

(b) Treatment of raw or roasted ore by the Dedolph 
process? 

(c) Roasting in Wedge Furnace and Dwight Lloyd 
Roaster and smelting in biast furnace with ample 
fuel and hot top for the volatilization of the 
zinc .and lead?* 

(d) Production of metallic zinc fume by smelting the 
roasted ore in a blast furnace by the Hempel 
process. (Ingall’s Zinc, 1906 ed., p. 658). This 
metallic fume to be used in anode cells of the 
Watts process where it would act to some ex- 
tent as a soluble anode, reducing the voltage 

| and preventing polarization? 

A. (a) Roasting in Wedge furnace and blowing on Wetherill 
grate would, we believe, extract the lead and the greater 
part of the zinc from the residue, leaving the zinc 
and lead fume to be separated by leaching, or some 
such process, and electrolyzed. The feasibility of 
the process would depend on the cost of the fuel 
for the Wetherill grate, and the efficiency of the ex- 
traction of zinc, and we are not in a position, without 
experimenting, to give any decision on the subject. 


*Compare Bartlett process (Hofman’s Lead, p. 142) and Ellershausen process 
(Ingall’s Zine, 1906 ed., p. 665). 
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(b) The same question applies to the Dedolph process. 

(c) Sounds like a cheap way to get rid of the lead, but 
as to its efficiency in volatilizing the zinc I am a little 
doubtful. Presumably the fumes could be collected 
by the Cottrell process or a bag-house, much of the 
zine being fumed; our experience with blast furnaces, 
even with hot tops, has been that a very little of the 
zine goes up the stack. If the efficiency is good, the 
process sounds as if it might be a cheap way of fuming 
the zine, but the combined lead and zine fume would 
have to be leached to separate the zinc and lead 
afterwards. 


It appears to us that the only way to make a success of 
any of these processes would be to try them and 
determine the cost by actual experiment. It is very 
difficult to form any opinion without actual experi- 
mentation. While some of the processes sound nice on 
paper, they have unexpected ways of surprising one 
when they are carried out in practice. 


WATTS ELECTROLYTIC PROCESS. 


1.Q. Does this process appear to you to be practicable on 
a commercial scale? 
(a) For use with roasted B.C. ores? 
(6) For use with zinc or zine-lead fume produced as 
in previous sections of these notes? 


A. Provided it is possible to find a container for the zinc 
oxide or ore to be leached, and a reasonable way of 
charging the container, and discharging it, the process 
might be worked out, although the handling of the ore 
in such small units as the anodes would probably be, 
would be apt to be costly in operation. If some special 
form of anode can be devised which would do away with 
this objection the process might be worked out, though 
it seems to us that roasting the ores, leaching and 


electrolyzing, is likely to prove the simplest pro- 
cess. 


2.Q. Could you give some idea of the probable cost :— 
(a) Of the plant? 
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(b) Of the operating expenses including the recovery 
of lead and silver from the residue? 


A. I have no idea what the probable cost of building or 
operating the plant would be. This could probably be 
better estimated by the inventor. 


OTHER PROCESSES FOR TREATING LEAD-ZINC ORES. 


1.Q. What is your opinion of the following processes, as regards 
their applicability to the B.C. ores, their efficiency in 
recovering the metallic values and the cost of operating 
them? 


(a) Bisulphite process (Met. and Chem. Eng. Vol. 
Rely AGS. 531). 

(b) Dry chlorination process (Malm process) (Met. 
and Chem. Eng. Vol. IX, 1918. p. 159). 

(c) Swinburne and Ashcroft chlorine smelting pro- 
cess (Mineral Industries, vols. X and XI). 

(d) Roast to zine sulphate, leach with sulphuric 
acid, evaporate to dryness and roast to zinc 
oxide, reduce to zine by the Watts process? 

(e) Bretherton process of leaching with ammonia 
and COs. (Amer. Inst. Min. Eng. XLVII, 
1918). 


A. (a) Bisulphite process is probably one of the simplest 
processes that has been devised, makes use of no 
chemicals, the leaching material being the gas produced 
by the roasting furnace, and the whole process has been 
well thought out. I have no idea, however, of what 
recoveries have been made by using this process. I 
understand that a hundred-ton plant was erected in Tas- 
mania, but have never heard that it was successful. 
Whether the recoveries are good or not, I am unable to 
say. We have the statements of the inventor that 
from 75% to 80% recovery was made on Sullivan 
ore, but as to whether this could be obtained in regular 
practice, 1 am unable to say. | 

(b) Malm process.—I think this process has been tried 
out in some of the mines in the Coeur d’Alenes, Idaho, 
but do not believe it has been a success so far. 


*. 
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(c) Swinburne and Ashcroft chlorine smelting process.— 
I am unable to give an opinion on this process. 

(d) As it seems to be possible to produce zinc direct from 
the sulphuric acid leach, it would seem that the cost 
of the evaporating to dryness and roasting to zinc oxide, 
were two extra operations, which would be comparative- 
ly costly and would not reduce the cost of electro- 
lyzing sufficiently to pay for the extra operations. 


(e) Bretherton process.—I have not heard of any results 
obtained with this process. 


ROASTING AND OTHER OPERATIONS. 


1.Q. For assistance in estimating the cost of various processes 
please state:—approximate cost of plant and operating 
cost for the following as used at Trail:— 

(a) Wedge Roaster? 

(6) Dwight Lloyd Roaster? 

(c) H. and H. Roaster? 

(d) Godfrey Roaster? 

(e) Cottrell process? 

(f) Smelting ores in lead blast furnaces? 
(g) Betts process for lead refining? 


A. (a) Wedge Roaster.—A 224 ft. Wedge roaster, as erected 
at Trail, 7 hearth, will cost from $20,000 to $25,000 
according to the frills that are put on it. Such a roaster 
has a capacity for pre-roasting Sullivan ore of about 90 
tons per day, and, I believe, a capacity of from 40 to 50 
tons for leaching, but this is more or less indefinite. Cost 
of operations will depend upon how much fuel is neces- 
sary to use to get rid of the last of the sulphur, and will 
vary from 50c to 80c per ton, or if the tonnage is low, 
it may be considerably more. 


(b) Dwight and Lloyd Roaster—These plants are oper- 
ated on royalty. The operating cost of these, includ- 
ing royalty, will probably be in the neighbourhood of 
75¢ per ton, but I do not think that they are valuable 
for roasting for any of the processes mentioned above, 
without considerable assistance from other roasters 
or rolls. 


1. Q. 
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(c) H.and H. Roaster.—Each pot costs about $7000. A 
plant consisting of 36 pots, crane and crusher plant, 
cost us in the neighborhood of $100,000. The oper- 
ating cost varies from 80c to 90c per ton. 


(d) Godfrey Roaster.—A Godfrey roaster costs about 
$7,000.00, but is only suitable for pre-roasting ore, 
and even then it uses an inordinate amount of fuel. 
Cost of operating these roasters on Sullivan ore, for 
pre-roasting purposes is about $1.50 to $1.60 per ton. 


(e) Cottrell Process—A Cottrell plant for handling 
100,000 ft. of gas per minute will probably cost from 
$30,000.00 to $50,000.00 according to the design of the 
plant and the purpose for which it is to be used. The 
cost of operation is low, but the rights to the use of the 
process have to be paid for or royalty paid on the net 
production. The only attendance required is that of 
one man per shift to look after the electrical apparatus 
and make slight repairs, and one or two men to clean 
up the product, according to the Se ae of the 
plant below. 

(f) Smelting ores in lead blast furnaces.—This depends 
entirely on the class of ores to be smelted and may vary 
from $2.50 to $6.00 and even $7.00 per ton, but the re- 
coveries in lead smelting play such an important part 
in the final result of the plant’s operation, that the 
mere figures of costs of blast furnace smelting and 
roasting do not necessarily give any idea as to the result 
to be expected from the smelter. 


MARKETING OF PRODUCTS. 


(a) Location and size of markets for zinc, lead and silver? 
(6) Cost of marketing these materials? 
(c) Present purchasers in Canada and Great Britain? 


(a) As to the location and size of markets for zinc, lead 
and silver, I would refer you to “Metal Statistics,” 
a yearly publication of the American Metal Market 
Company, 81 Fulton Street, New York, which con- 
tains all this information in a very compact form. 
This book is published every year and you can obtain 
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it by writing to them. In the meantime we are for- 
warding a copy under separate cover. 

(b) Cost of marketing these materials—we do not under- 
stand what you mean by the cost of marketing. We 
have never marketed any zinc, so do not know very 
much about it. 


Lead.—We presume that the cost of marketing is the 
freight from Trail to the market, plus whatever com- 
missions we pay to our agents, and insurance where 
such is necessary. In general, the freight rate from 
Trail to all points from Calgary, east, is $12.00 per 
ton, and to the Maritime Provinces, $14.00 per ton. 


Silver.—Silver is a metal which is marketed by bids from 
purchasers of silver, such as banks trading in the Orient, 
and sundry well known brokers, such as Messrs. Handy 
and Harmon, New York. The cost of transportation 
per ounce is comparatively small, as silver is usually 
shipped by express and is not bulky, so that, in addi- 
tion, marketing from Trail has sometimes the advan- 
age that it is closer to the Orient than New York, and 
there may be, in consequence, a price obtained for 
silver in Trail that could not be obtained if the refinery 
were situated in New York. 


(c) Present purchasers in Canada and Great Britain.— 
We do not know whether you refer to present pur- 
chasers of our products in Canada and Great Britain, 
or not. We sell no metals in Great Britain. Lead 
is sold in Canada to wholesalers in Montreal, Toronto, 
and various Eastern points, such as,— 


Thomas Robertson & Co., 
Brandram, Henderson Co., 
Sherwin-Williams Paint Co., 
Dominion Wire and Cable Co., 
Standard Underground Cable Co., 
James Robertson Co., 

Canadian Metal Company, 
Robertson-Godson Company, 


and a large number of smaller purchasers. 


Al 


Silver, we sell to,— 

Messrs. Handy and Harmon, New York, 

Anglo and London Paris National Bank, San 
Francisco, 

Hong Kong and Shanghai Banking Corporation, 
New York, 

International Banking Corporation, San Fran- 
cisco, 

whichever will give us the best price for it. 
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CONSOLIDATED MINING AND SMELTING COMPANY 
OF CANADA, LIMITED 


Wage Scale, Smelter. Corrected to July 1st, 1916 


*First Second {Third 


Copper Furnaces— Scale Scale Scale 
POPPA CETTE ees ee eer Onc ee 8S hours $4.00 $4.25 $4.40 
FPOGHERiC cron, aia cce ees Sek wa hr ees rs hey 4.00 4.26 4.40 
Loader or 2nd Weeder ss nis, Sates Bi 3.50 3.76 3.90 
POTIRO RS. ar eevee ars caer RS 3.50 3.75 3.90 
Say Sais: Mia Chee gee oat, Siac 3.00 3.20 4.30 
Clee VET, sit enc are eR a et Biron 3.00 oa 3.40 
Feed Floor Sweeper............... oD 3.00 a .20 3.40 
Ble siist Mian Se ote tecsce Se 3.00 326 3.40 
Oranenrans (neil e tome 2 eee ewe So 3.65 3.90 4.05 
TPE DOUPETS 2 tetera oe arts ies PRR ee Ste ae 3.00 3.15 
Dump: switehmen >. ssc. SAGs one 3.00 aco 3.40 
PADDR 20 So ee es a cn Noe eer ie ae Siar 3.50 3, 10 3.90 


Lead Furnaces— 


FoUrna COM ANG Gee Ge Sia oe Seta cae 8 hours $4.00 $4.25 $4.40 
VP OOG CRS 4:75 ol cone roti ik Scie 4.00 4.25 4.40 
LORE oe. Sees ee Sb ere eae Se a 20 3.50 3.65 
lag 7Papper. oe vite ae Pee eae Sivan. 3.50 3.10 3.90 
Slag Spout Mansy ae eae ees ieee 3.25 3.50 3.65 
Bullion Men.) tases tes ee Bue 3.00 8.26 3.40 
Piue Dust Men eee eee ee rs ie 3.00 8.25 3.40 
Cranemernac7 oes eee cee Bia 3.65 3.90 4.05 
Crane Cnaser 5 ac. eee ees = Le 3.00 3.25 3.40 
EADOuUrers c.g eee oe Bes 2216 3.00 8.46 
Keed Floor Sweeperiec. cnn ls a4 Seer. 3.00 e206 3.40 
Casting Lead Anodes— 
Lead ‘Uaster > chs ee ees 8 hours $3.25 $38.50 $3.65 
Slag Breaker— 
Operator: 274 niece ee ee 8 hours $8.25 $3.50 $38.65 
Helper. 0:5 et ee a ee ee Baie 3.00 3.25 3.40 


*FIRST SCALE.—Scale in force, April 30th, 1916. 


+SECOND SCALE.—War Scale to go into effect May ist, 1916, and to continue in force for the 
duration of the war, unless the prices of metals drop sufficiently to lower the mine scales when 
hy of the reduction made in either or both the lead or copper scales will be made on the smelter 
scale. 


¢THIRD SCALE.—This scale became effective July 1st, 1916, for July, August and September, 
a flat increase of 15c per man per day on the second scale; this increase to continue in effect as long 
as copper remains above 25c Montreal and lead remains above 8c Montreal. When copper 
is between 22c and 25c and lead between 7c and 8c, this increase will be 10c per man per day, 
and when copper is between 18¢ and 22c¢ and lead is between 6c and 7c, this increase will be 5¢ 
per man per day. 
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Matte Plant— 


Giisnerinanicuces Ghee it oe ek 3 8 hours 
Wrens tO Ciisher oci5 es ee gs Ses 
POU DOL UROL AG ATS 2/2 sive SE at ees 
TGR OULOTA Mad. rest oka eee Sane 


TSTremerie oe eee osc kis eR te he eis 8 hours 
Converter’ Lenders 0. ea Se. 
Converter Crane Chaser........... Rea 
Converter Helpers..3i oa%. Ae Se robo aby 
Gre heelers 35 3 2. Fas es aS eae 
COU CLETED 1 aa 0 0 3 See aa Ue * Ca Soa3% 
Crusherman Helper. x45. cs ees 
Galera Suan FSC a a Sk Sopeus 
Bear ote ae ee Ces oi AaB ee Se San 
Pena: tk ee Ae ae oe sa 
pe ne cae Bw; ce rota aes 


LUCE COS GE a RR a Ua ee LS Ca 8 hours 
Gee 8 EGET ae anh ED GRE RTP OE S28 
SL GEST yo: len wire yo = Rae era eee She anne Oe 


PULHACCIRETE ere cae ne Se 8 hours 
PVGIDER ic enti tans: coat eee ares as S58 
MLS TIE OLR soc ee hos ee EP & es ors 


Sample Mill—Day— 


UTD apd Val: 4 Pen ie Oe en em rg AS YY 8 hours 
WritanbieaG eo. dae ail See rs tt 
WER IENON ios cee oan eta tecoee cae 
PAR GUr ete nn, es ae Ree eR ees 
PSIYOTINSIG eer teeta ss eat ate S 
DALLIIIG COLIAL sv orceten cust alae ooewee: Sry 


Cottrell Plant— 


Operator...... Pi, Bae a asec are eels? 8 hours 
Pe ATI ee PRIN 5 oe oP et wv eluate one Stee 


Sample Mill—Night— 


Cyr ya Ty ate eee Gay bes 2h RM RE 8 hours 
MET ESTs PS ea ay ae, RES ERR ELe fe Sa Sa" 
(CROSNETINAN UGA = ee, ee ee San £ 


First 
Seale 


$3 
3 


3. 
Ze 


WoWNWWWNDN WWW 


wwnmwowp 


Second Third 
Seale 


$3. 
.25 
.20 
00 


5) 
3 
3 


Boa) 


wmeNwwwwo 


wHownwrwnwwwwww ww 
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Seale 


$3 
3 
3 
3 


WPRPwwwwww ww w 


wWowwnwnwo 


.65 
40 
40 
15 


Mechanical Department— 


Foreman Machine Shop 9 hours 


Foreman Boilermaker.. 
Machisiais.. (4052). 
Machinists’ Helpers... 
Boilermakers. ........ 
Boilermakers’ Helpers. 
PUA SOl G5. hice sec eke 
Flangers’ Helpers..... 


9 
9 
9 
9 
9 
9 
9 
9 
Welder’s Helper...... 9 
Biseksnnthy oo ae ess 9 
Blacksmiths’ Helper... 9 
Car Repairers... 2%: .22. 9 
LIP eras tea ae oe 9 
Pine: Peeler ys ek. Ge 9 
Pipe Fitters’ Helpers.. 9 
Chain Gang Foreman.. 9 
Chain Gang Labourers. 9 
Blower Room Tender... 8 
CHIETS Hn al rae. 8 
9 


Masons— 


Bricktavers.. 4 ot eine 9 hours 


Bricklayers’ Helpers... 9 
1A DOOTETS «wee ae 9 


Refineries.— 
Short Circuit Men,Tank- 


POODLE Man... fees 8 hours 


Tankroom Labour..... 8 
S. Circuit Men, Helpers. 8 
Sheet Hanger.......... 8 
Sheet Hanger Helpers... 8 
Sheet Hanger Boys..... 8 
Sheet Caster.......... 8 
Shift Bosses,Slimes Plant 8 
Parters and Furnacemen 


CIO Fh eee ot 8 
Slimes Roasterman..... 8 
Motor Tender......... 8 
Lg 60°C 1 el ee 8 
RPSROMION ons oe nee oe 8 
Crane Chasers......... 8 
Scrap Washers......... 8 
Vitriol Plant Men...... 9 


Vitriol Plant Labour... 9 
Machinist & Pipe Fitter 9 


“ 


«“ 
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First Second 
Scale Scale 
$5.00 $5.25 
5.00 5.25 
4.00 to 4.50 4.25 to 4. 
3.00 to 3.25 3.25 to 3. 
4.00 4.25 
3.00 3.25 
4.25 4.50 
3.25 3.50 
4.00 4.25 
3.00 3.25 
4.00 to 4.50 4.25 to 4. 
3.20 3.50 
3.25 to 3.50 3.50 to 3. 
3.26 3.50 
3.50 to 4.50 3.75 to 4. 
3.00 to 3.50 3.25 to 3. 
4.50 4.75 
2.75 to 3.00 3.00 to 3. 
4.00 4.25 
3.25 3.50 
2 AO 3.00 
5.00 5.25 
3.00 8.25 
2210 3.00 
$3.50 $3.75 
ad 3.00 
216 3.00 
_ 8.00 5120 
2716 3.00 
1.75 2.00 
peat es 3.00 
3.50 3.75 
3.00 8.25 
ace 3.00 
3.50 3.765 
2.75 3.00 
3.25 3.50 
3.00 3.25 
3.00 3.25 
3.00 3.25 
2.75 3.00 
4.00 4.25 


Slime Wash (Contract) at $3.75 day 


Third 
Seale 
$5.40 

5.40 


.40 to 4.90 
.40 to 3.65 


4.40 


w 
» 
SS 


Co Co To coco co Co S56 
a 
Oo 


wm CO 25 0o Go co co Go to 
iN 
oS 
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First Second Third 
Electrical Department— Scale Scale Seale 
FH@Ctrieians 60. . eae ek 9 hours 3.50 to 4.50 3.75 to 4.75 3.90 to 4.90 
Electricians’ Helpers... 9 “ 3.00 3.25 3.40 
Dapourers 5.5. PD a PANIES) 3.00 3.15 
Ememen s/o ees. hoy 3.50 3.75 3.90 
Motormen. 3% 65.05 2es's 8-9 “ 3.25 3.50 3.65 
Carpenters— 
Carpenters. asd. 9 hours 4.00 to 4.50 4.25 to 4.75 4.40 to 4.90 
Carpenters’ Helpers... 9 “ 3.00 3.20 3.40 
Taabourerds os, 1S 270 3.00 ee 
rack Layers. osc 2s. Oa [het 3.50 3.75 3.90 
Track Layers’ Helpers. 9 “ 3.00 3.25 3.40 
Flume Foreman....... ai 4.00 4.25 4.40 
Flume Watchman..... | Baueey 3.00 3.25 3.40 
CATR UOT chit’ chill. ay oo as 3.25 3.50 3.65 
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6. SMELTING CHARGES IN BRITISH COLUMBIA. 


1. SMELTER RATES ON COPPER, LEAD, GOLD AND SILVER, 
TRAIL SMELTER, 1912.* 


Treatment rates vary widely on different classes of ore. 
The practice is to quote rates f.o.b. the smelter as far as possible, 
making them independent of variable freight rates. 

The lowest treatment rate is $1.50 per ton on low-grade 
easily smelted, self-fluxing Boundary ores. Rossland siliceous 
copper ores receive a $3.00 rate, and other copper ores receive 
rates not far from this, depending on quantity and quality. 
Indirect deductions are usually about 0.4% from the copper wet 
assay, and 4 cents per pound from the New York price. The 
location of the smelter making marketing costs comparatively 
high, 95% of the gold and silver is paid for at $20.00 per ounce 
for the gold, and New York quotations for the silver. 

Lead sulphide ores are treated on a basis of $8.50 to $9.80 
per ton for ore carrying 70% lead, adding 10 cents per unit for 
each per cent under 70, to a maximum of $10.50 to $11.50. The 
lower are contract and the higher are open rates. 90% of the 
lead fire-assay is paid for, if over 5%, at London, England, 
quotations less 1 cent per pound marketing charge. 95% of 
the gold and silver is paid for as above. Settlements are usually 
based on quotations 8 months from date of receipt of ore in the 
works. | 

Dry ores, iron concentrates, etc., receive a variety of rates, 
usually based on a $8.50 to $4.50 treatment rate with sliding 
scales. Excess iron is allowed for and excess silica is penalized 
at 7 cents per unit. Sulphur in siliceous or oxidized lead ores is 
penalized at 50 cents per unit. Zinc in all ores is penalized 50 
cents per unit for each unit over 8 per cent. 


2. SMELTER RATES, COPPER, TYEE SMELTER, 1912.* 


Smelting charges.—Payment was made for copper contents, 
wet assay less 1.0% at New York quotations for electrolytic 


“These rates are representative of rates which prevailed in normal times. 
Present rates are higher. 


AT 


copper, less 3 cents per pound; gold, if over 0.02 ounces per ton, 
at $19.00 per ounce; silver, if over 1 ounce per ton, 95% paid for 
at New York quotations. There was also a treatment charge of 
$1.00-$2.00 per ton f.o.b. smelter, if ore was neutral, with a charge 
of 4-5 cents per unit for excess of silica over iron, or a credit for’ 
excess of iron and lime over silica. A preliminary payment of 90% 
was made as soon as possible after sampling, at the prices ruling at 
date of arrival, and final payment was made 60 days later, at prices 
ruling on the fiftieth day after arrival. 
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SECTION III. VISIT TO NELSON. 


1. NELSON, 7th APRIL, 1915. 


The Commission visited the plant for the electric smelting 
of zine ores which was constructed by Mr. F. T. Snyder about the 
year 1908. The plant has been used for a short time by the 
Dominion Government in 1918 for carrying out further experi- 
ments in electric smelting of zinc. 


Mr. Thomas French, son of the inventor, gave the Commis- 
sion an account of the “French” process for the production of 
zine from its ores by electrolysis; details of this are given in Dr. 
Stansfield’s report. 

The Commission also met Mr.S. S. Fowler, of Riondel, B.C., 
general manager of the Blue Bell Zinc Mine, who gave important 
information on the zine question. 

The Commission visited the Nelson Iron Works of which 
Mr. Fowler is a Director and where Mr. Hinton, President of 
the Board of Trade, is Managing Director. Mr. Hinton gave 
the following particulars of the labour rates in Nelson. 


Rate Hours 
per hour per day 


BIRCH in ister ie miedo eae saline 483 9 
Machine HHelnersacuae sea eer oe. 3f a 
Novideres 6.27 oe eae ee 50 9 
TS IOUCR res: ohne vB ena ah ye 35 9 
PaLter vi aAkere oo) cick os teak 50 8 
CaP Ot AIS op aed Gi Nara ee 50 8 
DIIPKIG VER a ey eee 85-1.00 8 
Debourers.<2 oe sc eee 35 8 
Labourers; Sawmill: . ..2.254.% 25-30 10 


AQ 


2. ADDRESS TO THE PEOPLE OF NELSON, B.C., DE- 
LIVERED IN THE BOARD OF TRADE ROOMS, 
FRIDAY EVENING, APRIL 17, 1914, 
BY W. Rk. INGALLS.* 


About a fortnight ago, just before I started for Nelson to 
make an examination of the work that has been done and is 
being done at the zinc plant here, I was in consultation with the 
Deputy Minister of Mines and the Director of Mines and I was 
authorized by them to communicate fully to you, the people of 
Nelson and the surrounding mining districts, my opinion re- 
specting the work that we have had in hand, the advisability 
of future procedure and conditions generally. I have been 
associated with the present zinc investigation from the begin- 
ning, have advised the Department of Mines regarding it, have 
directed it generally and have been in close touch with it through- 
out, but less since we have been at Nelson, owing to the great 
distance. In talking to you about it this evening, I shall be 
brief, z.e., I shall not take up your time in telling you about the 
problem of treating zincky ores in general, but shall confine myself 
to the points that are directly of interest to you. 

The problem of treating mixed ores containing more or 
less zinc has been one of the most baffling of metallurgical prob- 
lems during 60 years or more, and it is a problem that has re- 
mained without general solution. Much progress has been made 
in mechanical separation and in simple zine smelting, which has 
rendered payable many ores that only 10 years ago were not so, 
but there remain many kinds of zincky ores which are still un- 
profitable, either because of their remoteness from market, 
or adverse conditions of production, or complex character or 
low grade, and unfortunately they are the kinds which are 
possessed by many mine owners, yourselves included. With 
regard to them the problem is not just how can they be treated, 
but how can they be treated profitably, which means the in- 
troduction of some process cheaper than anything the world 
knows today. | 

When the Department of Mines took up the investigation to 
find such a process, we did not enter upon it with the idea of 


*Published through the courtesy of Dr. Eugene Haanel, Director Mines 
Branch, Department of Mines, Ottawa. 
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thinking of electric smelting and nothing else, but we first re- 
viewed all the recent work in the general field that we could 
learn of, and besides making our own studies we considered the 
processes that were offered by many inventors. We were unable 
to find anything that gave even reasonable promise. Without 
abandoning consideration of anything else, we then turned our 
attention to electric smelting, a subject of unknown possibilities, 
but attractive just because it was unknown. If you are going 
prospecting you don’t go to the old diggings that have been 
searched for years, but you like to go to a new country where 
the surface indications are good. Now, the surface indications 
of electric smelting looked good. 

We were aware, of course, that electric smelting had actually 
been practised in Sweden and Norway for a number of years, 
but we were also aware that it had not been either metallurgi- 
cally or commercially successful. If you will refer to the Report 
on the Zinc Resources of British Columbia published by the. 
Department of Mines eight years ago, a report with which I 
had something to do, you will find reference to that. We were 
aware also that electric zinc smelting was the subject of exper- 
iment by many other persons, both in Europe and America, 
but that none had been successful up to that time. It was 
therefore a fair field for study. 

About two years ago a summary of a report upon the electric 
smelting in Sweden and Norway was published in the engineering 
papers and I was asked through the Department of Mines why 
the Scandinavian process could not be transplanted to British 
Columbia without any more ado. Having in my hands the 
full text of the documents mentioned with all their figures, I 
reported that British Columbia costs for electric power, labour, 
and other things were 24 to 3 times the costs in Sweden and Nor- 
way and that under these conditions smelting in British Co- 
lumbia would be out of the question. 

Since then the production of electric spelter in Scandinavia 
has attained considerable proportions, amounting now to some 
thousands of tons per annum. This is partly obtained from 
the smelting of zine dross and zine junk generally, but some of 
it comes from the smelting of ore. However, I may mention 
as a recent substantiation of my opinion regarding the intro- 
duction of this process in British Columbia, that the directors of 
the principal Scandinavian company reported officially last 
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November that up to last August they had not been able to 
smelt at a profit but were hopeful that improvements then being 
made would enable them to do so. 


What then is the matter with the Scandinavian process? 
Primarily, it requires too much power, and among the reasons for 
the extravagant use of power is the inability to condense a 
sufficiently high proportion of the zine directly as spelter. The 
blue powder is chiefly zinc, but it is zinc in a non-commercial 
form and in order to get zinc from it a resmelting is necessary, 
but that resmelting adds greatly to the cost of treating a ton of 
ore. This blue powder difficulty is one that has bothered every 
one of the score, or two-score, investigators of electric zine 
smelting, save perhaps one who failed for other reasons. 


We set out to learn how the condensation of zine as blue. 
powder could be reduced, and how the need for electric power 
could be otherwise cut down. We have no idea that blue 
powder could be wholly avoided, inasmuch as it is produced to a 
considerable extent in the ordinary process of fire smelting and 
we could not hope to do better than that. Theory indicated that 
we might attain the results of ordinary fire smelting in that 
respect and also that the requirement of electric energy might be 
otherwise reduced, and possibly enough to render power consump- 
tion no great stumbling block. That hurdle leaped there were 
the chances of smelting in a unit of relatively large size with 
possible economy of labour, and some other things as compared 
with ordinary fire smelting, and also it was possible that silver- 
lead, copper matte and spelter could be produced by one furnace 
in a single operation, and that a higher extraction of the zinc and 
especially of the silver and lead could be made than in ordinary 
smelting. Moreover, that some kinds of ore at present impossible 
of treatment, and there are such kinds, would be amenable to 
electric smelting. I say that these were possibilities. They 
were sufficient justification for spending time and money in 
testing them. 


However, they were never in my mind anything but pos- 
sibilities and I have never held out -hope that they would be 
realized. On the contrary, I have been distinctly skeptical 
and guarded in what I have said publicly about the result. I 
have been confident that metallurgic success would be attained, 
and herein I distinguish between metallurgic and commercial, 
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although of course broadly speaking a metallurgic success is not 
a success unless it also-be commercial. 

In our work in the laboratory in Montreal, where we tested 
our theory, experimented with types of furnaces and learned 
the ABC of the art, we succeeded in assuring ourselves that the 
production of blue powder could be reduced to something like 
the proportions of ordinary smelting and had some hopeful 
indications of reduced power consumption. Then we came to 
Nelson to try things on a larger scale. When in the laboratory 
we graduated from a 20-lb. furnace to a 200-lb. furnace we 
encountered a new line of practical troubles. When we came here 
and graduated to a 2,000-lb. furnace again we encountered new 
troubles, but magnified. 

As I observed operations from day to day I experienced the 
whole gamut of emotions. Some days, when things are going well, 
I am inwardly carried away with visions of what may be accomp- 
lished. Another day I am more chastened in spirit. The fact 
is that electric zinc smelting is a process of extraordinary delicacy. 
I know of nothing else in metallurgy that is comparable in its 
requirements to this one. In most processes, if things be set 
right they stay right with ordinary attention, but in this process 
there are at least eight different controls, all closely correlated 
and more or less interdependent, which may change from hour 
to hour, or even more quickly, and make things go bad. The 
ordinary process of zine smelting is a process of delicacy, but 
electric smelting is far more so, any way as we know it yet. A 
friend of mine, himself an experienced zinc smelter, can see no 
future for electric smelting for this reason alone. I am far 
from being so_pessimistic as that, but I will say to you posi- 
tively that I cannot see any commercial possibility in a one-ton 
electric zine furnace, or a battery of such, and when I think 
of a ten-ton furnace Iam appalled. Just as we have experienced 
new and magnified troubles in going from a 20-lb. furnace to 
a 200-lb. and from a 200-lb. to a 2,000-lb., so we shall in going 
from a 2,000-lb. to a 20,000-lb. Indeed, the lines and working of a. 
20,000-lb. furnace are quite beyond my present conception, 
as they are beyond the conception of the staff here, I am sure. 

We have not yet got our furnace here running to our sat- 
isfaction. We seem now to be able to keep it going and we make 
some spelter and matte and lead. If the work is continued I 
think it probable that before long the control of the variables would 
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be learned and a metallurgic success be pronounced. At the 
meeting of the Canadian Mining Institute about six weeks ago, 
Mr. W. McA. Johnson, who has been working upon electric zine 
smelting for ten years, presented a paper describing a run with 
a one-ton furnace at Hartford, which was a metallurgic success 
to a considerable degree. I saw this furnace in operation during 
that run and at the time of my visit it was working smoothly and 
encouragingly. Mr. Johnson deserves very great credit for what 
he has accomplished. We have been working on similar lines, 
but he is a lap or two ahead of us. He has now organized a com- 
pany, which is going to erect a ten-ton furnace at some place in 
the United States and test the thing commercially. He expresses 
himself confidently about it. Our own experience has led me to 
be much less sanguine, as you will have gathered from my pre- 
vious remarks. 

As you know, the appropriation that we have had is nearly 
exhausted. If work here is to be continued, more money must 
be forthcoming. I am speaking to you this evening merely 
as the consulting engineer, telling you squarely just what is the 
situation from the technical standpoint and expressing very 
frankly to you what are my opinions, for which I have been duly 
authorized by the Deputy Minister and the Director. I can not 
of course speak for the Government. It is my understanding 
that additional money was promised if necessary and that that 
is recognized in Ottawa. It is my duty only to advise, and I can 
not advise a Government any less honestly than I could a private 
client. I think that in due course oi time the work now going 
on here would, if continued, be brought to reasonable metallurgic 
success. Iam positive that even so there would be no commercial 
success to be expected from a one-ton unit or an extension of 
one-ton units. What it would cost to go on with the development 
of an eight-ton or a ten-ton unit is beyond human capacity of 
estimating. People who promote such pioneering developments 
usually do so with the idea that when the first funds are gone 
they will manage to get some more. In this case, although I 
will not venture any estimate, or even a guess, | foresee that a 
great deal of money would ultimately be required. Now it may 
be that an additional and large expenditure may be worth while, 
but we see another party who is further ahead than we are just 
about to do that thing; and I can say from my own knowledge, that 
its intentions are serious and that its financing, if not adequate, 
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is at least considerable; and in view of the great uncertainty 
of the outcome any way, I am of the opinion that it is wisest to 
await that outcome, which will not be long delayed, and then 
let it be decided whether any more money ought to be spent on 
similar work here. You will not be any worse off, save in a 
little loss of time and perhaps not even in that, and you may 
save a good deal of money. This is my advice to the Department 


and to you. 
W. R. INGALLS. 


DD 


SECTION IV. VISIT TO VICTORIA. 


A DISCUSSION IN RELATION TO THE REFINING 
OF COPPER AND ZINC IN CANADA. 


Empress Hotel, Victoria, B.C., 
Monday, 12th April, 1915. 
11.00 a.m. to 1.00 p.m. 
PRESENT :— 
Cou. D. CARNEGIE, London, England. 
Dr. A. W. G. WILSON, Mines Branch, Ottawa. 
W. F’. ROBERTSON, EsqQ., Provincial Mineralogist. 
Dr. A. STANSFIELD, McGill University, Montreal. 
F. ELWORTHY, EsqQ., Sec. Board of Trade, Victoria. 
A. C. FLUMERFELT, ESQ., Victoria. 
C. H. LUGRIN, Esq@., Victoria. 
Cou. E. G. Prior, Victoria. 
W. BLACKMORE, EsqQ., Victoria. 
A. G. BURDICK, EsqQ., Victoria. 
W. BLAKEMORE, ESQ., in the chair. 


The discussion was opened by Colonel Carnegie who ex- 
plained the reasons which led to the present inquiry into the 
possibility of refining copper and zinc in Canada. He referred 
to some questions which would be submitted to the Victoria 
Board of Trade and which are given separately with their an- 
swers. He explained that the refining of copper would inci- 
dentally act as a stimulus to industries using copper which would 
naturally be established in the neighborhood. 

Dr. Wilson and Mr. Robertson gave figures with regard 
to the imports of copper into Canada, which are contained in 
Dr. Wilson’s report. It was shown that Canada exported 
twice as much copper (in the form of ore, etc.) as it consumed 
and that British Columbia alone produced as much copper as 
was consumed in Canada. There was, however, in addition, 
some 3,000 tons of copper—in the form of brass, which had not 
been included in the consumption already referred to. 

Mr. Flumerfelt explained that when he was interested 
in the Granby Company they considered the installation of a 
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refinery and compared three locations—namely, the St. Lawrence, 
Port Arthur and the Pacific Coast. Their decision was in favour 
of the last named point on account of the water transportation 
and the probability of a large supply of copper within easy reach; 
also the fuel is easily obtained and large amounts of hydro-elec- 
tric power are available. He mentioned that mines in Montana, 
Oregon and Washington are shipping to New York and New Jersey 
and said that in view of this the shorter transportation obtained 
by selecting a point on the Pacific coast was very desirable.* The 
difficulty at that time was to obtain a sufficient amount of ore to 
operate a smelter which would necessarily form part of a refinery. 
They wished to obtain the output of the Britannia Mine, but 
were unable to arrange for this. At.present the difficulties have 
been partially solved, as the Granby Company have erected 
at the Observatory Inlet a plant costing $3,500,000. 


Mr. Robertson pointed out that the cost was $8,000,000 
to $10,000,000 and that the ores would yield more than 40 lbs. 
of copper per ton. 


Mr. Flumerfelt referred to the large supplies of ore in the 
southern country and around Phoenix, including that of the 
British Columbia Copper Company, which he supposed would 
come to a refinery established at the coast. 


Mr. Robertson said that the Tyee Company intended 
to start a refinery, but that they were unable to do so for fear 
of unfriendly action by the owners of the Tacoma smelter who 
would have prevented them from obtaining supplies. The 
Guggenheims are supposed to own or control this smelter. The 
question was raised whether that opposition would not still 
operate to prevent a refinery being established at the coast. 
The opinion was expressed that if copper could be refined there 
more cheaply than by shipping it to the east the Guggenheims 
would not oppose it but would support it if it were in their fin- 
ancial interests to do so. 


Mr. Robertson said that it was cheaper to transport copper 
to New York in the state of blister than in the state of refined 
copper, so that if New York were the final market there would 
be no advantage in refining the copper at the coast. 


*The meaning of this remark is not quite clear. The stenographer may 
not have transcribed it correctly. 
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Mr. Flumerfelt said that the only objection to the coast 
for a refinery was the high price of labour. In regard to markets, 
some copper could be employed locally, and refined copper could 
be shipped directly from Vancouver to Europe. It was pointed 
out that the production in Canada was only 2% of the world’s 
production and that this was very small in proportion with the 
American production. The question was raised whether the 
Americans would cut the price of copper in order to ruin a 
refinery in Canada. Mr. Flumerfelt considered that he would 
not mind taking the risk. 

The use of aluminium instead of copper for transmission 
lines was discussed. The Chairman stated that the United 
States Government might discriminate against refining of copper 
in Canada in order to keep that industry within their own borders, 
but Mr. Carnegie stated that refining should be done in Canada 
in spite of anything that might be attempted in that direction. 

Dr. Wilson enquired what would be the attitude of the 
western copper producers in Canada that are not Canadian 
owned; the larger companies, with the exception of Trail being 
owned in the United States. 

Mr. Robertson said that they were controlled in the United 
States, but that a large proportion of the stock was held in 
Germany, and Mr. Flumerfelt said that the Germans nearly 
controlled the metal market of the United States. It was brought 
out that some of the American zine smelters refused to supply 
zinc when required for export to Great Britain. 

The possibility of refining nickel and its associated copper 
in Canada was referred to and the action of the Canadian Gov- 
ernment in not putting an embargo on the export of nickel was 
explained. The Chairman mentioned that a small copper 
refinery would probably be established at the Trail smelter. 
The ownership of the Granby Mine was discussed, and it was 
stated that while theoretically a Canadian Company, the head 
office is really in New York, and there are probably 2,500 share- 
holders. Mr. Flumerfelt said that he thought the Guggenheims 
had no interest in the Britannia undertakings, but Mr. Robertson 
considered that the Guggenheims might have made some advances 
in connection with recent construction and that the ore from 
the Britannia Mine might all go to the United States. 

Dr. Stansfield raised the question of the possibility of 
smelting zinc in Canada and explained the difficulties in regard 
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to the low grade of the available ore and the possibility of using 
an electrolytic process. Mr. Robertson agreed with these 
conclusions saying that the ore was not suitable for the Belgian 
process with the exception of that from a couple of mines—the 
“U.S.’’ and the “Lucky °*Jim:” 


2. REPORT ON COPPER AND ZINC REFINING IN 
CANADA SUBMITTED BY THE MINING 
COMMITTEE OF THE BOARD OF 
TRADE VICTORIA, B.C. 


GENERAL. 


1. Q. What in your opinion are the prospects for the establish- 
ment of a copper refinery in British Columbia that 
would be a commercial success? 


A. In the opinion of this Committee the prospects are ex- 
cellent, based upon the following considerations :— 


(a) The production of copper ore in British Colum- 
bia is about 4,000,000 lbs. per month, and is 
steadily increasing. Such well known com- 
panies as the Granby, producing at Grand 
Forks, 1,000,000 lbs of copper matte per month 
and a similar amount at Anyox, and the Bri- 
tannia Mines producing also 1,000,000 Ibs. 
per month furnish about three times as much 
as is required for one refinery. These com- 
panies are all financially sound and progres- 
sive, and contemplate increased production. 
There are many other properties which need 
not be summarized, producing smaller tonnages. 

(6) Transportation facilities at the coast are excel- 
lent, surpassing those of the interior of British 
Columbia, and of any other part of Canada 
contiguous to copper mines. In addition to 
the exceptional facilities of water transporta- 
tion so greatly enhanced by the opening of 
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the Panama Canal to traffic,* there are three 
Canadian ‘Trans-continental railways: The 
Canadian Pacific, The Canadian Northern and 
the Grand Trunk Pacific, with their termini 
at the coast. In addition there are three 
American ‘Trans-continental roads running 
into Seattle, which is only seventy miles south 
of Vancouver. 


(c) There are a number of water powers, both 
on Vancouver Island and on the mainland near 
the coast, which will yield an abundance of 
cheap power for smelting purposes. In the 
opinion of experienced engineers this power can 

c be generated for $10.00 per h.p. per annum, 
and possibly for $7.50. 


(d) Water transportation furnished at the coast would 
not only be an important factor in the shipping 
of refined copper, but would stimulate second- 
ary industries in which copper and brass are 
used by bringing them in easy touch with the 
principal export markets. 


(e) There is on Vancouver Island an unlimited supply 

of good bituminous coal, which is at the present 
time yielding a smelting coke. This coal is 
high in by-products, and if treated in by-pro- 
-duct ovens instead of in the wasteful bee-hive 
would become a profitable adjunct of the 
smelting and refining industry, and ultimately 
when the by-products can be marketed, would 
supply fuel coke at a nominal price. 


2.Q. What location or locations would in your opinion be the 
most advantageous, and why? 


A. This question is answered by the foregoing:—The main 
advantage of the coast as against any point in the in- 
terior is, that of water transportation and the proba- 
bility that the larger and more permanent tonnages 
of copper ore will be produced at or near the coast. The 


*The canal has been closed by a landslide at the Culebra cut since 
November, 1915. 
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bodies of known ore are immeasurably larger, and the 
prospects for favorable development greater. 


3.Q. What are the comparative costs in Canada and the United 
States for :— 
(a) Labour? 
(b) Power? 
(c) Fuel? 
(d) Cost of living? 

A. Generally speaking it may be said that the cost of labour 
and of living is about the same in British Columbia as in 
the Western States of Washington and Oregon, but 
compared with the Eastern and Middle States, both 
items are approximately one-third higher at the coast. 
With respect to power:—This Committee has no data 
on Eastern prices but as stated in answer to question 
one, clause ‘‘c’’, it can be generated at the coast at 
$7.50 to $10.00 per h.p. per annum. With respect to 
fuel:—This is much higher than in the Eastern States, 
but approximately the same asin Washington. It must, 
however, be borne in mind that British Columbia coal 
is of a higher grade than the American Western product, 
and finds a readier market. The prevailing rate for run 
of mine coal is $4.00 per ton. There is, however, no 
reason why the treatment of British Columbia coal in 
by-product ovens should not entirely wipe away the 
margin between Hastern and Western fuel. 


4.Q. What production of blister copper per annum would be 
needed to support a copper refinery on a commercial 
basis? 

A. The minimum economic unit may be set at 30,000 lbs. a 
day. This would depend to some extent upon the 
system adopted, and appendix “A” gives details of 
respective costs of the two best systems, the ‘“‘Multiple’”’ 
and the “‘Series.”” From the appendix it will be seen 
that the cost of such a unit would be approximately 
$81,542.00 based on Eastern prices. It is probable that 
under existing conditions it would cost $120,000 in the 
West. 


5.Q. What quantity of zinc ore is necessary to ensure the suc- 
cessful operation of a zinc smelter? 
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A. In view of the fact that the subject of zine smelting 
is under investigation by the Dominion Government, 
and that no decision has yet been arrived at as to the 
best system; also having regard to the fact that while 
there are known to be large bodies of zine ore in 
British Columbia, the metal has not yet been pro- 
duced except as a by-product of lead, the Committee 
suggests that it is premature to attempt any reply 
to the question relating to zinc smelting. 


MINING 


Copper Mining.— 


1.Q. What prospect is there of the copper production on the 
coast being increased? 


A. An excellent prospect due to the fact that the two 
large producing mines that of the Granby Company 
at Anyox and the Britannia Mines are in the hands 
of strong financial companies, and are constantly 
increasing their production. They have in a short 
time overtaken the yield of the clder Granby Mines 
at Phoenix, and contemplate a very much larger 
production. It has been officially announced by 
the directorate of the Britannia Mines that their 
objective is double their present output of 1,000,000 
Ibs. of copper matte per month. As the mines at 
Anyox have already proved more than 20,000,000 
tons of ore, there is no reason to suppose that the 
management will be satisfied with a smaller tonnage 
than Britannia. 


2.Q. What properties now undergoing development give 
promise of adding to the coast production, apart 
from increases which may be expected from the mines 
now being operated? 


A. So far as your Committee is aware there are no pro- 

: perties now undergoing development at the coast, 
other than those referred to, but there are a number 
of excellent copper prospects on which a small amount 
of preliminary work has been done, and which give 
excellent promise of becoming mines. 
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Zinc Mining.— 


3. What zine prospects are known on the coast? 

4, Have they ever produced ore, and how much? 

D. Have you accurate information as to the tonnage 
available? 


A. The Committee is leaving these questions unanswered 
for reasons explained in a previous paragraph of this 
report. 


POWER. 


ea 


At what points on the coast is electric power now avail- 
able? 

Victoria and Vancouver and surrounding districts. 

Is it being utilized at all? 

Yes, extensively. 

What capacity is lying idle? 

Practically unlimited. 

Where could the cheapest electric power be obtained? 

Probably by the development for’smelting and refining 
purposes of one of the undeveloped powers. There 
are several convenient. 

5.Q. What would be the lowest cost per h.p. year or per 

kilowatt hour? 

A. $7.50 to $10.00. . 

6.Q. How much would be obtainable? 
A. Practically unlimited. 


oO oN 
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FUEL. 
Coal.— 


1.Q. What is the cost of coal at the pit mouth? 
A. The actual cost varies in the different coal districts of 
British Columbia, but a fair average for Vancouver 

Island coal would be $2.50 per ton f.o.b. 


2.Q. Have you any data on the actual cost of production? 
A. Yes but they were given in confidence and are not 
available for publication. The net result is as above. 
3. Q. What does coal cost at Ladysmith? 
A. To produce, $2.50 a ton. Sale price, $4.00. 


4. Q. 
A. 


63 


Are the Vancouver Island coals good coking coals? 

All the Vancouver Island coals will coke, and the Comox 
coals make a good commercial coke, which has found 
a considerable market for smelting purposes. There 
are other coals on the main land not far from the coast, 
which are richer in by-products, if by-product coking 
were developed at the coast it would probably pay 
to freight these interior coals and so obtain a higher 
grade of coke at a reduced cost, but this statement 
is not intended to weaken the claim that Vancouver 
Island coals would answer .all the purposes of smelt- 
ing fuel. 


Oil Fuel.— 


LS: 


A. 


2. Q. 
Ac 


3. Q. 


A. 


LQ: 


2. Q. 


1. Q. 


What does crude oil and what does fuel oil cost on the 
coast? 
80 cents a barrel for large contracts. 


What are the sources of supply? 
California. 


What is the equivalent quantity of each, crude oil and 
fuel oil, in comparison with one ton of coal from 
Nanaimo or Wellington Colleries? 

3% barrels. 


LABOUR. 


What are existing labour conditions on the coast? Union? 
Open-shop? In what trades? 

Almost entirely Union. There is practically no open 
shop. 

What is the prevailing scale of wages for skilled and 
unskilled labour in the various trades? 

Mechanics, 50c. hr.; carpenter $4.25; bricklayer $5.00; 
engineer $4.00; unskilled $3.00; all per 8 hr. day. 
NoTEe:—These rates prevailed before the war. Un- 

skilled labour is now lower. 


FREIGHT. 


What are the existing rates on copper and zinc ores and 
on blister copper from:— 


64 


(a) East Kootenay to Vancouver? 
-(b) Boundary to Vancouver? 
(c) Boundary to New Jersey or Montreal? 
(d) Coast to coast (by rail)? 
(e) Coast to coast (by Panama)? 
(f) West coast to European market? 

The transportation companies are unable to give rates 
at this end and suggest that application be made to the 
head offices of the transportation companies in Mon- 
treal. 


MARKETS AND MARKETING. 


Where would refined copper from British Columbia 
be marketed? 

There are two natural markets. The home market 
and England. Of the total production of copper 
matte, amounting to 387,500 tons, the whole of 
which is now exported to the States for refining. 
21,000 tons is re-imported into Canada as copper, 
in addition to 3,000 tons brass. The home market. 
is growing, and will probably consume increased 
quantities each year. The balance of the copper, 
if refined in Canada, would be exported to England. 

Where would refined zine from British Columbia be 
marketed? 

See previous remarks on zinc. 


What would be the influence on other Canadian in- 
dustries if a copper refinery were established on the 
coast? 


In the opinion of this Committee the influence would 
be very great and beneficial, for the following reasons :— 
(a) It would stimulate the development of copper 
mines, and so increase the demand for labour 

and supplies. 

(b) It would place our total supplies of refined 
copper at the disposal of the empire, and 
enable Canada to retain control. 

(c) It would stimulate the creation of secondary 
industries in which copper plays an impor- 
tant part. 


65 


(d) It would have an indirect but important in- 
fluence on the development of other industries, 
and especially on an industry which is of more 
vital importance to the coast than any other, 
viz:—the smelting of iron ores and the man- 
ufacture of iron and steel. Its direct bearing 
upon this important subject would be that 
copper refining would lead to the utilizing 
of our great water powers, which would thus 
become available for other purposes also, 
and would certainly lead to the coking of 
coal in by-product ovens, and the production 
of cheaper coke. Viewed in this light the 
smelting industry whether of iron or copper 
ores may be regarded as one. Anything 
which ensures by-product coking, the dis- 
tillation of coal, and the production of fuel 
gas from raw coal would be a boon to every 
industry at the coast, and would have a di- 
rect and potent influence on its development. 
In this connection the Committee offers in 
Appendix two, a memorandum on by-product 
coking, and in Appendix three, a memoran- 
dum on coal dust and its use in regard to 
smelting copper ores. 

4.Q. How will the United States copper refineries view the 
establishment of a refinery in Canada? 

A. This is of course a matter of conjecture, but the ex- 
perience of Canada with the United States would lead 
us to expect the strongest opposition to such a policy. 
That opposition could only take the form of under- 
selling in such market. as Canada would be able to 
reach so as to make the trade unprofitable. As the 
Canadian production is only about two per cent. of the 
world production this would be an easy matter and 
a consideration of the subject in this aspect suggests 
that the industry would have to be protected or assisted 
in a special manner. The Committee takes it for 
granted that this would present no difficulty if copper 
refining is viewed in the light of national and imperial 
policy. 
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There is another phase of this question to be considered, 
viz:—the attitude of the copper mining companies 
now operating in British Columbia. Practically all 
these companies are American, that is the capital is 
held in the United States. Further, they are German- 
American and it is conceivable that under certain 
circumstances they might endeavor either to prevent 
Canada reaping the benefit of a local refinery, or re- 
stricting the output of copper ore in order to reduce 
the supply of copper. It does not seem to this Com- 
mittee that there should be any difficulty in dealing 
with such a situation if it were created. British 
Columbia has been able to legislate against the ex- 
portation of logs, and if the cases are not exactly 
parallel there does not seem to be any reason why a 
similar policy could not be adopted with copper. All 
that this Committee feels called upon to do is to 
suggest the probability of an unfriendly attitude on 
the part of the copper mining companies as a factor. 


A. C. BURDICK. 
HENRY B. THOMSON. 
W. BLAKEMORE, Chairman. 
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APPENDIX No. 1. 
THE ELECTROLYTIC REFINING OF BLISTER COPPER 98% Cu. 
The smallest economic unit for a copper refinery is one with a daily 
capacity of 30,000 lbs., which is approximately equal to 10,000,000 lbs. per 


annum. 


THE COST PER TON OF CATHODE COPPER PRODUCED IN A PLANT 
OF THIS CAPACITY WOULD BE AT EASTERN RATES. 


Making anodes (including re-working slag)....................... $ 3.40 
Poel-aii5440 per ton. (Gn: Blectrolysis) <4). 4.0 Lots owe epee ° an 3.66 
Consumpuon. Of energy in: conductors. 66.0. as ea See .26 
Pxpense involved: by loss of efficiency. <0 .00 eee eek wea ee ne .18 
SESW SUT hts: | [AGT oe eared rte. st Ante Reger ne DO sea RR Sb TT gee .90 
Pabourdaciiaine Superintendance)...7. 6 Cube eA ce ees 3.68 
| eee el tty lah Gee | LAUER UO: § ro an BR i a ROR eg a Re 4 
interest: on.stock Of Gopper:in process oss) 62 fo ee) Se iar 
MAL AAT e A CeP ate plallG seed rhs teats RA ow RCE i aotors 76 
Ror as Clute ECC nen tenon ET eho ly pe an a A Os aad 

Total for refining, exclusive of insurance and office expenses.... $15.16 


APPENDIX No. 2. 


COST OF A COPPER REFINERY, OUTPUT 30,000 ibs, DAILY AT 
EASTERN RATES. 


Building, area 25,450 sq. ft., 500,000 ft. lumber, $9.00............ $ 4,500.00 
Framing, 50,000 ft., includes windows, nails, pins, spikes, $16.00.. 8,000.00 
1 Reverberatory furnace (10 ft. x 16 ft. hearth) with anode moulds 4,000.00 
1 Reverberatory furnace (10 ft. x 16 ft. hearth) with water bosh 


AUC VOL ANCA Wie tiar IMO ooo al bse cou ase ak ioe ikna 4,500.00 
1 36-inch water jacket blast furnace for reducing slag, complete with 

electric motor, fan blower and 12 slag pots................. 1,200.00 
Excavation for boiler, engine and dynamo foundation........... 300.00 
Foundations, include stone, cement and mason work............ 1,600 . 00 
5 72-inch by 16 ft. R.S. boilers, including brickwork at $16.00 per 

DEY eds Ce ct eee PE RO RUBEN Reap a rai MEAN SM Gre UE Tor ty Mea oan oe 8,000.00 
Pur DUMPS Aud et CONndenSseRS. ooh seek ae ree eos eae eee 1,390.00 


2 300-h.p. compound condensing Corliss Engines at $13.00 per h.p. 7,800.00 
2 180-k.w. direct current shunt wound generators at $23.00 perk.w. 8,280.00 
Asnhaltiter Hoorine atiocraryardss asd hes Gk eA 525.00 
Circulating aiparatie Did Ale UTM: cesta osetaterecdted acksceee cee bea ole 400.00 
Receiving tanks, reservoirs and launders............0eeeeeeeees 245.00 
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3,500 ft. 1-inch pipe, 100 1-inch tees, 100 1-inch faucets.......... 220.00 
300 lead lined tanks, with stringers and brick pieces at $30.00.... 9,000.00 
Overhead track. oss «acne ee ie. < Kaas 6 ane dE Me ks eee 600.00 
Giver ‘MenHnery «Ws he ec os ene Gta an ee cca ace 3,500. 00 
Rectangular conductors, 58,3850 pounds at 14c.................. 8,169.00 
Round conductors, 11,566 pounus at doce... i: pee eee eer aes 1,504.00 
Rolled plates for cathodes 3,060 sq. ft., 7/32 inches thick, 31,212 

pounds Ab 18C. oo i cke sow ha aarepneielo we as ee 4,057.00 
CONTINGENCIES ..4i5 So Wn Sri aude e's cued & Hees Oe Hie ES 5,000.00 


TOtal! SORE. hick oa heen Oe Coe ee ee eee eae $ 81,542.00 


APPENDIX No. 3. 


BY-PRODUCT COKING IN ITS RELATION TO SMELTING. 


The recovery of benzol has received much attention of late, owing to the 
fact that a large quantity of refined benzol is now used in place of petrol as 
fuel for motor engines. 

The majority of coke ovens and plants now have benzol recovery plants, 
but very few produce refined spirit; what is known as “‘crude or 65%” benzol 
being generally made. The benzol can be extracted from the gas without 
affecting the amount of energy obtained from it when used for boiler firing 
purposes, or for combustion in gas engines by more than about 5 to 10%. 

The quantity of benzol obtainable differs according to the nature of the 
coal. The recovery of benzol from coke oven gas is now universally effected 
by means of absorption in creosote oil—a product obtained in the distillation 
of coal tar—and the difference between the various systems on the market 
lies principally in the internal arrangement of the apparatus employed, and the 
temperature and steam pressure at which the various parts are worked. 


Coke Oven Gas is now very largely used as a fuel in iron and steel works, 
and has been used in open hearth furnaces with great success, in some instances 
practically replacing the whole of the coal formerly used. 


The Dominion Iron and Steel Company, Limited of Canada, claims that 
the surplus gas from the coke ovens of the company is used entirely in the 
steel department,* one hundred tons of lime per day for use in basic Bessemer 
and open hearth furnaces is burnt (1914), and the mixer into which all the 
iron from the blast furnaces is put before going to the steel plant is certainly 
heated by coke oven gas. 


The dolomite for open hearth and Bessemer work is calcined by coke 
oven gas, and all ladle drying is done by the same means. 

Coke oven gas is also used to a certain extent for re-heating ingots before 
rolling, but this is not constant practice. Any surplus gas not required for the 


~ 


_*Benzol and Toluolane now extracted from the waste gases and is used for the manufacture o 
Trinitroluol. 
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above purposes is used in the open hearth furnaces for steel melting. The 
calorific value of the gas is about 525 B.T.Us per cu. ft. benzol not being 
extracted. 

There is no question but that the greatest economy possible in steel 
works practice is through the general adoption of by-product coke ovens, 
and not the least of these is in the proper utilization of the large quantities 
of surplus gas. 

The Dominion Coal Company estimate the saving effected by the use of 
the by-product oven to be $1.93 per ton of coke made. 


ESTIMATE FOR BY-PRODUCT PLANT, KOPPER’S OVENS. 


Assume plant will make 425,000 tons of coke per year. 
425,000 tons of coke, 1,700,000,000 cu. ft. of gas per year at 10c 


Bere OU 0 Cie Te nV ONO a 6 aya eV oo ae ba ak geek cee & Pate Ik ors $170,000.00 

Ammonia sulphate at 15 lbs. per ton of coke; 3187 tons at $60.00 
Oe eA TELER DH Ueno CON eeia EE iter Ra) 5 ie Nan ERE Si ge 191,220.00 
Marat ode aon, SauOns Per tOl ss uth oss eet cen wet oe 59,500.00 
Total value of gas, ammonia and tar.................. 420,720.00 


These are conservative figures, or roughly 10% interest on a capital 
investment of $4,000,000 saved in these by-products alone, not counting 
coke sales and other products. 


The cost of a plant complete for 80 ovens, $1,100,000 to supply 425,000 
tons of coke. 


Bee-hive oven plant we would get 60% coke. 
By-product plant we would get 80% coke. 


Modern by-product plants have a capacity of as much as 20 tons of coal 
per oven per day. 


By-product coke is the best on the market. 


By-products from coke ovens in 1914 for Canada:—8,572 tons of ammonia 
sulphate, 5,714,172 gallons of tar and 3,201,097 thousand feet of gas. 


ECONOM Y.—From 80 to 130 cu. ft. of gas are required to develop 1 H.P. 
per hour when the gas is burned under a boiler, and the steam produced is 
used for driving a steam engine of the ordinary type. 

The same power can be developed with a consumption of 9 to 15 cu.ft. 
per hour in a gas engine of equal reliability and the same cost of maintenance. 
Hence a great saving can be effected if the gas is employed directly in a gas 
engine. 


Average price of natural gas in Canada, 15c per 1,000 cu. ft. 
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38. A.C. FLUMERFELT, ESQ. 
Victoria, 15th April, 1915. 


To Cou. D. CARNEGIE, | 
Chairman of the Copper and Zinc Commission, Ottawa. 


Dear Col. Carnegie:—You desired me to give you, in writing, 
some of the ideas expressed when I had the pleasure of discussing 
the question of the erection of a refinery in Canada. 

When I was an active officer of the Granby Consolidated 
the question of refining our own metals was carefully considered, 
and after very exhaustive examination and mature deliberation 
the management was authorized to make a selection of a site for 
the proposed refinery, at or near Pacific tidewater. 

There were three points considered. One was on the St. 
Lawrence, the second at or near Port Arthur, and the third on 
the Pacific coast. Recognizing that the successful establish- 
ment of such a large undertaking involved corresponding ex- 
penditure, we took into consideration three fundamentals: 

Raw material, 
Labour, and 
Point of distribution. 


Considering the St. Lawrence or any point in the East, the raw 
material would of necessity have to bear heavy transportation 
charges. 

The labour condition would probably be better in one of 
the above mentioned points than on the Pacific coast. 

As to distribution, it was felt that as the country develops 
the demand for such products as could be manufactured would be 
chiefly in the western provinces (export to the Orient was not 
then considered) and as Europe was the largest consumer of 
copper, an excess beyond what might reasonably be required 
for local consumption could be transported cheaply from British 
Columbia to European Markets—speaking now of copper going 
in raw ingots. Then, too, it was considered this would stimulate 
the smelting industry in the copper province of the Dominion, 
that is, British Columbia. 

We decided upon a site on Burrard Inlet, about midway 
between Vancouver and Port Moody. This inlet, as you perhaps 
know will admit of practically an unlimited number of deep-sea 


Ak 


vessels going in and out at any time, as it is a very large expanse 
of water some fourteen miles long and can be approached at 
any state of tide. Then, too, such a site would be within easy 
touch of all transcontinental railways and within reach of the 
Northern Pacific and Great Northern railways on the American 
side. 

Electrical power can be obtained cheaply either by purchase 
from one or other of existing companies, or by the development of 
adjacent streams; fuel is to be had in great abundance within 
eighty miles. The employees would have country life and at the 
same time enjoy the advantages of the largest commercial city in 
the west (I speak, of course, of the Canadian side), so that 
for the purchase of supplies, educational facilities and generally 
for the well-being and comfort of the employees such a situation 
is ideal. 

As above intimated, we had already made out plans and 
would have gone on with the undertaking provided we could have 
been assured of a sufficient supply of ore to guarantee the con- 
tinuous operation of a small smelter, which was a necessary ad- 
junct and the forerunner of a refinery. This condition has now 
been overcome, and I am satisfied a bountiful supply of blister 
and matte could be arranged for, therefore, were I now directly 
associated with such an undertaking I should have no hesitation 
in carrying out our original idea. Under existing financial 
conditions it would be somewhat difficult to secure the erection 
of a refinery by private investors, but, as suggested, will outline 
what I think would be a feasible plan. 

When the tonnage has been determined upon and the cost of 
a unit ascertained, assume that the Imperial Government were 
to provide the necessary capital for the construction and com- 
pletion of this work, and a moderate sum for general operation. 
The organization to be on a stock company basis. 

It would appear probable that a number of the large mines 
and smelters—and perhaps others—would become subscribers to 
the stock, particularly if payment could be made by way of per- 
centages on the material from time to time supplied by these 
various organizations, spreading the total over a period of years. 
Then, too, one or more of the power companies could perhaps be 
induced to take a proportionate amount, based on a percentage of 
contract for power entered into by the refinery. It might also 
be possible to interest some of the railway companies. 
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Am satisfied the municipality would for a period of years 
grant freedom from taxation and free water. 


Were such a plan possible of accomplishment, it would 
in my opinion insure permanent and continuous operation of such 
an undertaking, and as the country develops, all the different 
interest would be on the alert to increase and improve it. Doubt- 
less the Dominion and Provincial governments would be in hearty 
sympathy with such an undertaking, recognizing—as all must 
do—the importance of controlling, as far as may be, the natural 
products of our country. It should also be borne in mind 
that the copper interests of British Columbia are largely con- 
trolled by foreigners, and at the moment both matte and blister 
are shipped to United States refineries. 


Were these companies not in sympathy with such a plan as 
I have in mind, it would be within the province of the Dominion 
to legislate against export, either by way of levying an export 
duty or on the principle of rebating tax on all products man- 
ufactured in Canada. 

I do not know that there is anything more I can add, but 
if I can be of assistance to you or the Government in working out 
this very important project, I shall be pleased to have you 
command me. 

I have very pleasant recollections of your visit to British 
Columbia, and hope the time may not be far distant when that 
pleasure may be renewed. 


Faithfully yours, 
(Sgd.) A. C. FLUMERFELT. 
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4.W. Ff. ROBERTSON, PROVINCIAL MINERALOGIST 
Victoria, B.C., 24th April, 1915. 
Replies to questions asked by the Commission. 


GENERAL. 


1.Q. What in your opinion are the prospects for the establish- 
ment of a copper refinery in British Columbia, that 
could be a commercial success ? 

A. The term “Copper Refinery” is hereinafter presumed to 
include an electrolytic depositing plant, as all our ores 
carry gold and silver values, and subsequent reverbera- 
tory refining furnace plant equipped for making standard 
sizes and shapes of refined copper. If not operated in 
conjunction with a copper ore smelting plant already 
in existence, a small unit of such would have to be 
provided. From a metallurgical standpoint, there is 
nothing to prevent the establishment of a copper 
refinery in British Columbia. From an operating stand- 
point:—Hydro-electric power costs about the same as in 
the East, but is more abundant here, and is cheaper than 
fuel generated electricity. Labour of the class required 
for such a plant would be at first more costly, but after 
the plant had been established a few years, to permit of 
training of local labour, would not be so prohibitory. 
Fuel of a class suitable for reverberatory furnace work 
is to be had on Vancouver Island at a price of about 
$4.00 a ton, and in Crows Nest Pass at about $2.25 
a ton f.o.b. mines. 


2.Q. What location, or locations would in your opinion be the 
most advantageous, and why? 

A. A refinery can be much more economically operated if 
located at, and run in conjunction with an ore smelting 
plant, as refinery slags go back to the blast furnaces, etc., 
while overhead, general and laboratory expenses are 
eliminated, or at least divided. If not so located, 
additional capital expenditure would be required to 
provide a small unit. This and transportation facilities 
to market I consider the most important factors in 
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deciding location. The supply and price of fuel, fireclay, 
firebrick, lime, fresh water, are probably more favourable 
in British Columbia, than in Eastern Canada, while 
in British Columbia as regards the Boundary District 
or the general vicinity of Victoria and Vancouver— 
in these matters it would be almost a “stand-off.” 


8.Q. What are comparative costs in Canada and the United 
States for:— 
(a) Labour? 
(b) Power? 
(c) Fuel? 
(d) Cost of living? 

A. The comparative cost of labour, power, fuel and cost of 
living are about the same in the portions of Canada 
and the United States bordering on the Pacific coast, 
while both are somewhat higher than Atlantic sea- 
board. 


4.Q. What production of blister copper per annum would be 
needed to support a copper refinery on a commercial 
basis? 

A. My personal experience would indicate that a copper 
refinery having an output of about 1,000,000 lbs. re- 
fined copper a month is the smallest unit that could 
be commercially operated and face competition. 


5. Q. What quantity of zinc ore is necessary to insure the suc- 
cessful operation of a zine smelter? 
A. I can not answer this from personal experience, but 
I have understood that a unit should be able to handle > 
50 tons ore daily. 


6.Q. What by-products would be available and what disposition 
could be made of them? 


A. Sulphide zine ores might be roasted to make ‘‘chamber 
acid’ as a by-product. 


MINING. 
A. Copper Mining.— 
1.Q. What prospect is there of the copper production on the 
coast being increased? 
A. There is every prospect of the copper production of 


2. 
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the coast district of British Columbia being very 
largely increased in the next few years. Properties 
now operating will probably double the output. 


Q. What properties now undergoing development give 
promise of adding to the coast production, apart from 
increases which may be expected from the mines now 
being operated? : 

A. There are several properties which give substantial 
promise of production, but development has not pro- 
ceeded far enough to permit of definite statements as 
to tonnage and assay content and they had conse- 
quently better not be named. 


B. Zine Mining.— 


3. 


4. 


Q. What zine prospects are known on the coast? 

A. The “Lynn Creek” zinc properties near North Vancouver 
is the only zine prospect on the coast of British Co- 
lumbia that has been developed to any extent. 

Q@. Have they ever produced ore and how much? 

A. The property has not as yet shipped ore and would 
require a concentrator before being able to do so. 


.Q. Have you accurate information as to the tonnage avail- 


able? 
A report on the property will be found on page 3807 et seq. 
of British Columbia Minister of Mines Report for 1913. 


FUEL. 


A. Coal.— 


| 
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Q. What is the cost of coal at the pit mouth? 

A. Run of mine coal of quality suited for copper refining 
has been selling wholesale at about $4.00 a ton for 
Vancouver Island coal, f.o.b. vessel. Crows Nest 
coal at about $2.25 a ton, f.o.b. cars. 


Have you data on the actual cost of production? 
Nothing officially known. 


What does coal cost at Ladysmith? 
Answered in Q. 1. 


Are the Vancouver coals good coking coals? 
Some of the coals are and other are not. 
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B. Oil Fuel. 


1.Q. What does crude oil and what does fuel oil cost on the 
coast? 


A. Contract prices not officially known—a high Canadian 
Pacific Railway official told me California crude oil, 
delivered in tank steamers cost them 80 cents a barrel. 


2.Q. What are the sources of the supply? 
A. Up to the present time, California. 


3.Q. What is the equivalent quantity of each, crude oil and 
fuel oil, in comparison with one ton of coal from 
Nanaimo or Wellington collieries? 


A. Engineers on coastwise steamers inform me that it 
takes from 34 to 4 barrels of California crude to do— 
on these steamers—the work of 1 ton of Vancouver 
Island coal that they formerly used. The Canadian 
Pacific Railway or Grand Trunk Pacific Railway could 
give exact figures. 


MARKETS AND MARKETING. 


1.Q. Where would refined copper from British Columbia be 
marketed? 


A. Assuming war conditions to have ceased and judging from 
past experience, it seems probable that for some years 
to come the great bulk of any copper that might be 
refined in British Columbia would find its way to the 
Atlantic, either by rail or water. Statistics show that 
both Canada and United States each produce over 
double the amount of copper they consume—they there- 
fore have to export the surplus—so that we cannot look 
to United States for a market. South America is a 
large exporter of copper. The Orient is credited with 
a copper production of double its consumption. There 
is, therefore, only Europe left as an export market, in 
which Germany has been the greatest consumer, followed 
by Great Britain and France. The Canadian copper 
consumption takes place chiefly in Ontario and Quebec, 
the western consumption has not as yet become im- 
portant. \ 


3. Q. 
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Where would refined zinc from British Columbia be 
marketed? 
Cannot venture even a guess as to export market. The 


domestic consumption would for some years at least 
be east of Winnipeg. 


What would be the influence on other Canadian industries 
if a copper or a zinc refinery were established on the 
coast? 

The prices of copper and zinc are settled in the world’s 
market, and either a copper or zinc refinery on the coast 
of British Columbia would not materially effect these 
prices, local advantages from freight charges would 
occur in varying degrees. The greatest advantage would 
be in securing a supply of metal in a usable state, free 
from any possible foreign interference. 


How will the United States copper refineries view the 
establishment of a refinery in Canada? 

It is probable they would resent it— the copper refiners 
of the eastern states control the world’s copper market 
and through the mines they control and regulate the 
production so as to maintain prices, and they are jealous 
of anything which would tend to weaken this control; 
they do not object to anyone making matte or blister 
copper, as long as it is not refined to usable state. 
As an example, the Guggenheims bought the Tacoma 
Smelter only after it had established a copper refinery, 
and promptly shut down the refinery; they did not 
need the smelter. The form of retaliation a British 
Columbia copper refinery would be subjected to would 
probably be—an underbidding of such refiner for the 
supply of crude copper or ores if they could not control 
it through stock in the producing mine. Hence the 
advisability of a refinery being built by a company 
controlling a copper supply from its own mines. It is, of 
course, possible that any such outside interference 
might be overcome by a Government bounty on refined 
copper or export duty, which might be justified by 
the shaking off of the economic dependency we are under 
today. 
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SECTION V. VISIT TO VANCOUVER. 


Extracts from Minutes of meeting of the Mining Committee 
of the Board, held in the Council Chamber of the Board of Trade 
Rooms, on Tuesday, April 13th, at 11.00 a.m. 


Present: 
N. THOMPSON, Convenor, EK. A. HAGGEN, 
JONATHAN ROGERS, President, A. E. ae 
G. E. GRAHAM, Vice-Presdent, H. G. Ross 


W. A. BLAIR, Secretary. 


There were present also, Mr. DAVID CARNEGIE, the repre- 
sentative of the Shell Committee in Canada, Dr. ALFRED W. G. 
WILSON of the Dominion Mining Department, Dr. ALFRED 
STANSFIELD of McGill University, all of whom had been ap- 
pointed by the Federal Government as a commission respecting 
the supplies of copper and zinc. 


There were also in attendance, at the invitation of the 
Committee, Messrs. R. HEDLEY, KE. A. EMMENS, J. GOULD, and 
McLeEop. 


Colonel Carnegie explained the scope of his Commission 
and asked for the opinion of those present with regard to the pos- 
sibility of refining copper and smelting zine in British Columbia. 
He supplied a number of questions which, with their jsacbihes are 
given elsewhere. 


Mr. Thompson stated that a commercial refinery would 
require from 75,000,000 to 100,000,000 lbs of copper per annum, 
but that at present only about 50,000,000 lbs. of copper was 
produced in British Columbia per annum. Dr. Wilson stated, 
however, that there was insufficient smelting capacity at the 
present time to supply the necessary amount of copper for a 
refinery. The possibility of the United States producers cutting 
prices in order to injure an infant refinery in Canada was discussed; 
Col. Carnegie explaining that the United States produced about 
56% of the world’s supply of copper while Canada only produced 
about 2%. Mr Hedley considered that in view of these figures 
the United States operators would not be inclined to try to crush 
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a small Canadian Industry. Mr. Thompson shared this view. 
Col. Carnegie stated that it was desirable to have the profits 
which could be produced by refining Canadian copper kept in 
Canada. Mr. Hedley considered that providing sufficient copper 
could be secured, a refinery on the coast would be successful, and 
in a few years would secure trade in England and India, but that 
sufficient copper could not be obtained in competition with the 
Granby Company and the Consolidated Mining and Smelting 
Company. He said that the market for copper in the future 
would be the Orient, the West Indies, South America and Europe 
and that with the aid of the Panama Canal all these points 
could be economically reached. 

Mr. McLeod spoke of three or four properties in British 
Columbia containing silver, lead and zine which would shortly be 
opened up if they could arrange for a satisfactory treatment 
which would save the three metals. 

Mr. Rogers considered it very desirable that the copper 
industry should be developed from a national stand-point using 
Canadian or British capital. 

Mr. Emmens spoke of some zinc properties in north Van- 
couver which were as yet only prospects. 

Mr. Haggen stated that as soon as the output of the Granby 
Co. reached 100,000,000 Ibs. per year they intended to put in 
a refinery on their own account. Mr. Thompson considered 
that the best locality for a refinery would be between Cumberland 
and Nanaimo or between Powell River and Vancouver. The 
Granby Co. procured their coke from the Crows Nest and it 
costs them $10.00 per ton. Their output of copper when the 
present smelter is completed was expected to be 50,000,000 Ibs. 
per year. : 

Col. Carnegie stated that 11,000 tons of zinc is imported into 
Canada for use by manufacturers and about 5,000 tons of zine 
white. He pointed out that these manufacturers would be 
materially assisted if the refining of zinc were commercially 
possible in Canada. Mr. Thompson stated that the possibility of 
treating zinc ores is more complicated than that of refining copper. 
Mr. Hedley questioned whether there would be sufficient high 
grade zinc ore to justify the establishment of a smelter using the 
Belgian process. Mr. Thompson spoke of large deposits of zine 
ores at Seymour and Lynn Creeks, he stated that these were not 
yet developed. 
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Dr. Stansfield spoke of the experimental work that had 
been done in regard to smelting complex zinc ores in the electric 
furnace, and pointed out that the present proposal to use electro- 
lysis was entirely distinct from this and appeared at present to 
be more economical. 

Mr. Hedley considered that the Trail smelter would be a 
suitable place for the development of a zinc refinery. 

It was stated that information with regard to the water power 
available for such purposes as copper refining was in the posses- 
sion of the Dominion Government, the Chief Engineer of the 
British Columbia Electric Railway Company having been re- 
tained for this purpose. 

The question of labour conditions was raised and it was 
stated that a great deal of trouble had been produced by the 
labour unions which are international and very strong, but that 
the situation was improving. 


2. ANSWERS TO QUESTIONS UPON WHICH INFOR- 
MATION IS DESIRED RELATING TO INVES- 
TIGATION RE COPPER AND ZINC 
REFINERIES IN CANADA. 


Vancouver Board of Trade, 
May 17th, 1915. 
DAVID CARNEGIE, ESQ., 
Ordnance Advisor, Shell Committee, 
Drummond Building, 
Montreal, Que. 

Dear Sir:—Enclosed please find answers to questions left with 
the Mining Committee of the Vancouver Board of Trade, dealing 
with the establishment of a copper or zinc refinery in British 
Columbia. There are certain questions being forwarded to 
you with private information, through the President of the Board, 
Mr. Jonathan Rogers, and submitted to him by Mr. E. A. Hep- 
burn, mining engineer, and a Member of the Committee. 

Trusting that this information may be of great service to 
you in your work of investigation. 


Yours faithfully, 
W. A. Buarr, Secretary, 


LER: 
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GENERAL. 


What in your opinion are the prospects for the estab- 
lishment of a copper refinery in British Columbia 
that could be a commercial success? 

Good, provided one gets the co-operation of Granby, 
which we consider essential. Britannia, Canadian 
Consolidated and B.C. Copper are important, but none 
of them essential. 

What location or locations would in your opinion be the most 
advantageous, and why? 

The neighbourhood of Vancouver, for the reason that 
it has the advantage of both water and rail transport- 
ation, and will have electric power at probably lower 
rates than elsewhere. 

What are comparative costs in Canada, and the United 
States for:— 

(a) Labour? Skilled labour is as cheap as in the United 
States. Unskilled labour is from 15 to 20% higher. 

(b) Power? Power is cheaper here. 

(c) Fuel? 50% higher here, but there is the prospect of 
the establishment of by-product. coke-ovens on the 
coast which would materially cheapen coke, and im- 
prove the quality. 

(d) Cost of living? Very little difference, if any. 

What production of blister copper per annum would be 
needed to support a copper refinery on a commercial 
basis? 

From 40,000 to 50,000 tons. 

What quantity of zinc ore is necessary to insure the suc- 
cessful operation of a zinc smelter? 

Unanswered. 

What by-products would be available and what disposition 
could be made of them? 

Paints, white-lead, zinc oxide, copper sulphate, antimony, 
and other usual by-products. 


MINING. 


A. Copper Mining. 
1.Q. What prospect is there of the copper production on the 


coast being increased? 
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A. Granby and Britannia will increase their production 
greatly and rapidly. Beyond these it is problemat- 
ical. Granby production will of course include that 
of smaller mines. The copper production of the coast 
would be increased about fifty million pounds within 
one year, making a total of over one hundred million 
pounds. 


2.Q. What properties now undergoing development give 
promise of adding to the coast production, apart 
from increases which may be expected from the mines 
now being operated? 

A. Copper properties on Roche de Boule are becoming 
a factor, and there is promise of considerable pro- 
duction of copper ore of fair or even high grade, 
from that quarter. Properties at the south end of 
Moresby Island, Queen Charlotte group, may help in 
small measure, also Matsuea Co., Great Ohio, Red Rose, 
and with capital for exploitation there are big pos- 
sibilities near Vancouver, in ores of Britannia type, 
of same formation, but virgin as to work done. 
(uatsino, too, has some promise. 


B. Zine Mining. | 
3. Q. What zine prospects are known on the coast? 
A. Lynn Creek and Quatsino have such. 
4.Q. Have they ever produced ore, and how much? 
A. None. 
5.Q. Have you accurate information as to the tonnage 


available? 
A. Undeveloped. 


POWER. 
1. Q. At what points on the coast is electric power now available? . 
A. Burrard Inlet, Howe Sound, and Lower Fraser River. 
2.Q. Is it being utilized at all? 
A. 250,000 h.p. used on lower main land. 
3.Q. What capacity is lying idle? 
A. 250,000 h.p. 
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4.Q. Where could the cheapest electric power be obtained? 
A. (Not explicit). Lower mainland. 


5.Q. What would be the lowest cost per h.p. year, or per killo- 


watt hour? 


A. From $10.00 to $24.00 per h.p. year; the latter being the 


outside price. 


6.Q. How much would be available? 
A. Upwards of a half-million h.p. 


FUEL. 
A. Coal 

1.Q. What is the cost of coal at the pit mouth? 

A. Run of mine coal $3.00. Nicola Country coal $2.25. 

2.Q. Have you any data on the actual cost of production? 

A. Cost varies, no reliable data, but approximately $2.75 
per ton. Depends on management and condition 
of measures. 

3.Q. What does coal cost at Ladysmith? 

A. (Answer to this question is being sent forward by 
President). 

4,Q. Are the Vancouver coals good coking coals? 

A. (Answer to this question is being sent forward by 
President). 
B. Oil Fuel. 

1.Q. What does crude oil and what does fuel oil cost on the. 
coast? 

A. From 85c to $1.10 per barrel, according to quantity 
supplied. 

2.Q. What are the sources of supply? 

A. California and Peru. 

3.Q. What is the equivalent quantity of each, crude oil and 
fuel oil, in comparison with one ton of coal from 
Nanaimo or Wellington Collieries? | 

A. 38.5 to 3.6 barrels of oil equal to one ton of Wellington 


or Nanaimo Coal. 


1. Q. 


2. Q. 
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LABOUR. 


What are existing labour conditions on the coast? Union? 
Open shop? In what trades? 


All principal trades are Union. 
What is the prevailing scale of wages for skilled and un- 
skilled labour in the various trades? 


Going from unskilled to skilled labour it runs brom 30c¢ 
to 50c per hour. 


FREIGHT. 


What are the existing rates on copper and zinc ores, and 
on blister copper from:— 

(a) East Kootenay to Vancouver? $5.00 per ton. 

(b) Boundary to Vancouver? $5.00 per ton. 

(c) Boundary to New Jersey or Montreal? $14.00 
per ton of 2,009 lbs. 

(d) Coast to Coast (by razl)? No commodity rate 
at present. 

(e) Coast to coast (by Panama)? $12.00 per ton. 

(f) West coast to European markets? $380.00 per — 
2240 lbs. under normal conditions. 


MARKETS AND MARKETING. 


Where would refined copper from British Columbia be 
marketed? 

At the present time the market would be Europe, but the 
market is shifting to Asia, which would be the future 
market for British Columbia. 


Where would refined zine from British Columbia be 
marketed? 
Europe. 


What would be the influence on other Canadian industries 
if a copper or zinc refinery were established on the coast? 


The influence could not be other than favourable, and 
small factories would follow. 
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4.Q. How will the United States copper refineries view the estab- 
lishment of a refinery in Canada? 

A. The United States would hardly look with favour on 
such establishment, but we are of the opinion that a 
Canadian refinery would cut too small a figure in the 
total American product to provoke real antagonism. 


(Sgd.) N. THOMPSON, 

Chairman of Mining Committee. 
(Sdg.) W. BLAIR 

Secretary of Board of Trade. 


3. REPLIES TO QUESTIONS UPON WHICH INFORMA- 
TION IS DESIRED RELATING TO COPPER 
AND ZINC REFINING IN CANADA. 


A. E. Hepburn, Mining Engineer and Member of Board of Trade, 
Vancouver. 


GENERAL. 


1.Q. What in your opinion are the prospects for the establish- 
ment of a copper refinery in British Columbia that 
could be a commercial success? 


A. The copper production is now approximately 4,250,000 
Ibs. per month, and will increase rapidly within the next 
two years. The Granby at Grand Forks, the Granby at 
Anyox, and the Britannia Mines at Howe Sound, are all 
steadily increasing their output, and in two years will 
have doubled their capacity. The Marble Bay and 
other mines will swell the total. Large prospective 
deposits of copper ore are known to exist, that will 
average from 15% to 2°5% copper contents with fair 
gold and silver values. British capital properly directed 
under up-to-date management is the requirement. I 
would respectfully suggest that British interests employ 
a confidential agent or agents to report and obtain 
control of any such properties of merit with the view of 
developing to a stage where a complete plant would be 
warranted. At present all the copper matte and blister 


3. Q. 
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copper produced in British Columbia is exported to 
America, and question very seriously owing to the own- 
ership of these properties, as to whether British inter- 
ests can obtain their output. There is no question in 
my mind that the Granby at Anyox will as a business 
proposition erect their own electrolytic refinery, when- 
ever they in their wisdom consider it time. The same 
holds good with the Britannia Mines or any others of 
note in this province to-day. All these groups are 
controlled by foreign capital, and this should be a 
serious lesson, and one which should be remedied with- 
out delay. The markets of the world are open to 
British Columbia, and railway and steamship transport- 
ation facilities are of the best. ‘The Panama Canal rates 
should allow British Columbia metal producers to com- 
pete and assist to supply the Empire with part of their 
requirements. Trade within the Empire is my motto. 


What location or locations would, in your opinion, be 
the most advantageous and why? 

At the mine on salt water, as shipments are open to the 
markets of the world direct and the cathode copper 
would be produced cheaper at the mine. 

What are the comparative costs in Canada and the United 
States for— 

(a) Labour? 

(b) Power? 

(c) Fuel? 

(d) Cost of living? 

(a) About equal in the Western States of Canada and 
America, but compared with the East, probably the 
latter is 15% cheaper. This will be remedied as the 
population increases by the introduction of industries 
and general development in immigration. 

(b) Power can be generated at a low rate from $8.00 to 
$12.00 per h.p. per year. 

(c) Coal in the Western States of Canada and America is 
more expensive, but the British Columbia coals are of 


a higher grade in all respects than the coals of the Western 
States of America. The run of mine coal on Vancouver 
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Island averages about $4.00 per ton, but no one to-day 
would use run of mine coal for generating heat for 
power, but would use washed pea or screenings or even 
sludge. Very cheap power could be generated if we 
had a modern by-product oven plant at the mine, and 
this would be warranted if a large undertaking was in 
progress, for a large supply of coke would be required 
regularly. | 
(d) About equal. 


What production of blister copper per annum would be 
required to support a copper refinery on a commercial 
basis? 

A small unit to start with a view to increasing plant as 
market conditions warranted. At present I do not see 
where a definite tonnage could be obtained quickly for 
reasons stated in my answer to Question 1. 1 would 
consider a unit of 15 to 20 tons of cathode copper pro- 
duced per 24 hours a fair start and one of economic value. 


What quantity of zinc ore is necessary to insure the suc- 
cessful operation of a zinc smelter? 

It depends on market. 

What by-products would be available and what disposition 
could be made of them? 

The usual by-products. 


MINING. 


A. Copper Mining. 


EQ: What prospect is there of the copper production on the 


coast being increased? 


A. Every prospect only requires capital and good manage- 


ment. It is well known that large prospective deposits 
are only waiting legitimate development. The same 
mineralized zone as the Britannia has been traced for 
one hundred miles and one of the possibilities lie 
in this direction. Other mineralized zones are also 
worthy of careful examination. See reply to Ques- 
tion 1 ‘‘ General.” . 


2.Q. What properties now undergoing development give 


promise of adding to the coast production, apart 


A. 
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from increase which may be expected from the mines 
now being operated? 
See reply to Question 1 “General.” 


B. Zine Mining. 


3. Q. 
A. 


2 


bh 


caver te be 
rPOPrPOoO Por © 


What zine prospects are known on the coast? 

Quatsino, Lynn Creek, Malaspina Inlet and other parts 
of the province in or near the coast. All prospects, 
but worthy of development under proper directions. 
Large deposits in the interior are known in combin- 
ation with lead and other metals. 

Have they ever produced ore and how much? 

No tonnage on the coast. 

Have you accurate information as to the tonnage 
available? 

No actual tonnage technically but every prospect of 
tonnage being developed with capital and proper 
management. 


POWER. 


On what points of the coast is electric power now 
available? 

Vancouver, Victoria and adjacent districts. 

Is it being utilized at all? 

Yes, to a very large extent, but not to the capacity 
that could be supplied by any means. 

What capacity is lying idle? 

More than required, no limit within reason. 

Where could the cheapest electric power be obtained? 

From coal screenings, the coming fuel for generating 
heat power, also surplus gas from modern by-product 
coke ovens, ete. 

What would be the lowest cost per h.p. year or per 
killowatt hour? 

Can supply very cheap power. This absolutely de- 
pends upon the method used and many other consid- 
erations. $8.00 to $12.00 per h.p. per year. 

How much would be available? 

No limit. 


A. Coal, 


1. Q. 
A. 


2. Q. 
ye 
3.Q. 
A. 
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FUEL. 


What is the cost of coal at the pit mouth? 

Depends upon conditions locally and many other con- 
siderations. Would estimate about $2.50 per long 
ton for Vancouver Island. 

Have you any data on the actual cost of production? 

Varies, depends upon management and condition of 
measures. 

What does coal cost f.o.b. Vancouver Island? 


Screened lump...... 
TACO INO Pe ee 


$1.60 to $5.00 


INE DED EDC mth oc Re he Gk 
ES aIaNiCe te nee a ere aera 


Approximate analysis of the coal quoted:— 


IA GIST Mints, cacaucee hs ea Tyg 2% 
ge Sahl: ES Poe AWE poe on ek Pe oe SOON Fr 38% 
PONG ATOGn es wo Suh a An he ose 542.5%, 
PSA Bictene oate org saan Ad cae east 5.5% 
SEE PUN OriEs ce NS rat ire os oe 2% 
EOSPNOLOUS ee eo ee a eh ee negligible 
Tale Siler ed a, Sem eas A hes ceca 12,600 
Are the Vancouver Island coals good coking coals? 
WATER V.C. F.C. ASH SULPHUR: > B.E.U; 
cb EiBe 330, 2h ode OL 2 cON4a® 0.78 LZ672 
204 Ui80e. 2h a4 (OL. 82° 748.70 1.26 13881 
SRE ee Oe nO ae OT ao oO OA oz 12567 
4, Tez eet at 0 isl DO pat coO OnSo wito bod 
1. Upper Douglas........ 0’ 0’’ to 20’ 0”’ and even 28’ 
2. Lower Douglas........ De LO nae Oe 
VRIGer tener ks ssa 2 Oe toy A 
ASAVelinatoress tb tore § Sih ates 6.0/7 


The whole of the seams do not appear to be present 
at any point in the coal field. Area approximately 
650 square miles 
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No. 3 is the Wellington seam, and there is too much 
moisture. No. 2 is the Comox seam and has too 
much sulphur for iron smelting. In a modern by- 
product oven these coals should make a good coke. 
Further a modern by-product oven should produce 
from coal containing about 2% moisture and 27 to 
35% V.C.M. 70 to 75% coke or 10 to 15% more than 
bee-hive ovens, yielding in by-products, 50 Ibs. of 
tar, 24 lbs. of sulphate of ammonia and enough surplus 
gas to generate over 8 h.p. per ton of coal coked daily. 
By this method very cheap coke would be produced, 
about $1.75 per ton net cost. The profits from the 
by-products make the profit. $800,000.00 will erect 
plant to produce 100,000 tons of coke per year. 
Sereenings are good enough for this purpose, and 
therefore cost per ton will be less. One of the greatest 
coal assets in the interior is the Bear River deposit 
now known as “Bowron River” forty-five miles east 
of Fort George. They are a rich bituminous by- — 
product producing coal. Professor Galloway’s son, 
of Cardiff, Wales, estimates 150,000,000 net tons 
and further states that bituminous coal is known 
for an area larger than Scotland surrounding Fort 
George. The coal croppings are 15 miles from the 
Grand Trunk Pacific with a grade in mine favour. 
The coal is remarkable for its low content in sulphur 
and ash. Further work will be done on the property 
this summer with a view of having a large test for 
all its true qualities. All the coking ovens in the 
province to-day are Bee-hive and are all out of date 
and a scandal to the province. The waste in conse- 
quence is enormous, for there is a market for all the 
by-products. The surplus gas alone should be an 
asset to any industry near the plant. In fact cheap 
power would induce industries to start. Another 
point few seem to realize is that in copper smelting 
the great reverberatory smelters are using coal dust 
for generating heat and power and for smelting their 
ore, and I am convinced that it is the coming fuel 
in modern copper smelters. 


on 


B. Oil Fuel. 


1. Q. 
A. 


wy 


<3 


‘2 


Oreo 


What does crude oil and what does fuel oil cost on 
the coast? 

The crude or natural oil is refined in California and the 
residue fuel oil is what is used here by the railroads, 
ete. Even this way of using it is wasteful of by- 
products. Cost per barrel from 80c to $1.25, the 
former price only for large contracts. As the max- 
imum output of oil has been passed in California, 
the chances are that this price will gradually go up 
and in a few years, I have every reason to believe 
that the United States will put an export duty on all 
oils as they can use all their output. The question 
is now being considered by able American thinkers. 

What are the sources of supply? 


California and South America. 


What is the equivalent quantity of each crude oil and 
fuel oil in comparison with one ton of coal from 
Nanaimo or Wellington collieries. 

Approximately 3.5 to 4 barrels of fuel oil. Personally I 
have every confidence in coal as the coming power, and 
it will be to the advantage of our natural resources. 
Crude oil and fuel oil are now imported into British 
Columbia duty free, but have lately become subject 
to a small war tax. This is not fair to our own coal 
resources, and the government should impose a duty. 


LABOUR. 


What are existing labour conditions on the coast? 
Union? Open shop? In what trades? 

Practically all Union. 

What is the prevailing scale of wages for skilled and 
unskilled labour in the various trades? 

From 30c per hour to 50c. The latter is skilled labour. 
These prices are certain to fall in due time, and are 
already doing so. 


FREIGHT. 


These questions have no doubt been replied to by 
transportation officials. 
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MARKETS AND MARKETING. 


Where would refined copper from British Columbia 
be marketed? 
In Canada, Russia, Orient and Great Britain via Panama. 


Where would refined zine from British Columbia be 
marketed? 

Great Britain and Canada. Practically all shipments 
now go to the United States. 


What would be the influence on other Canadian in- 
dustries if a copper or zinc refinery was established 
on the coast? 

Could not be anything but beneficial in every way. 


How will the United States Copper Refineries view the 
establishment of a refinery in Canada? 

Why should the British Empire not trade commer- 
cially in every way within the Empire, and so build 
up new industries to our mutual advantage and 
benefit. We as Britishers.must develop our own 
mines and produce our own copper, zinc and other 
necessary metals, and by-products, and if it is ad- 
visable let the Government protect our own interests 
by a protective tariff. If foreign interests control 
our copper output and do not act fairly, then I would 
suggest an export tax in our favour. We have a 
perfect right to protect ourselves, if the necessity 
arises. In my opinion, if British interests will in- 
vestigate the possibilities of the coast or province 
and develop the prospects on a sound basis, then we 
need have no fear of foreign interests, for in a few 
year we could control our own supplies. Why could 
not British manufacturers organize and agree to 
purchase refined copper at a fair price and one which 
would be satisfactory to the mine operator and himself? 
It surely could be arranged. Again why should some 
of the large users of refined copper in Great Britain 
not organize and find the capital to develop the mines, 
erect plants and ship the refined article to themselves? 
In this way expenses could be kept down to a mini- 
mum and all the profits go into their own pockets, 
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and which in turn would benefit everybody in the 


Empire. 


The serious point is that the shrewd 


Americans are now busy tying up our best resources, 
and it is time for the Britisher to wake up. They 
certainly, to my own knowledge, are looking around 
to-day to see what properties can be obtained under 
bond, not alone in copper and zinc but which in a 
sense is as important, our iron ores. 


ELECTROLYTIC REFINING OF BLISTER COPPER 98% 


The Multiple System is considered the best: 
Cost of refinery complete to produce 
40,000 lbs. per day, approximately $150,000. 00 


Cost of blister copper at mine, 8c lb... . 160.00 per ton. 
Cost of cathode making per ton of 

copper produced. . ae ana LO SOG aa: 
Extraction of gold Ba ARS from 

STMNES Hemera ieen gener 2 ees L002 fe 
Cost of resmelting cathodes into ingots. GEOO ese 
WROTORT ie ciec we ioe Sere ieee ue SEG DOOR ee ee 

$ ASS. 00 


The industry could start with a reasonable unit and grow 


as business warrants. 


With a plant of even this capacity, one 


would require a large tonnage in process all of which is a liability. 
If the refinery was at the mine the anodes could be produced 


cheaper. 


Vancouver, B.C., May, 1915. 


ARTHUR E. HEPBURN, 
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4, REPORT ON COPPER REFINING 


Vancouver, B.C., February 27th, 1915. 


The Chairman of the Mining Committee, 
The Board of Trade. 


Your sub-committee was appointed to gather data relative to 
the advisability of establishing a copper refinery in the Province 
of British Columbia. After communicating with the principal 
parties interested in the mining and smelting of copper and other 
ores in the province, we beg to report as follows:— 


1st. In order to comprehend the importance of the copper 
mining industry to this province, we may state that according 
to the report of the Minister of Mines for the year ending 31st 
December, 1913, the value of the total mineral production of 
the province for all years up to and including 1913 was $460,443,920 
and of this amount, copper produced $80,818,051, or practically 
18% of the total mineral production of the province. In 1918, 
46,460,305 pounds of copper was produced and the total value 
was $7,094,489 which is $2,000,000 over the value of the gold 
production, and only $300,000 under the total value of the coal 
production. In spite of these most satisfactory figures, it is a 
regrettable fact that not one pound of this copper is refined in 
British Columbia, or even in Canada. A small proportion 
is refined at Tacoma in the State of Washington, but the great 
bulk of the matte or blister copper is shipped to the Nicholls 
Refinery Company of New York. | 

It may interest you to know that this Nicholls Copper Co. 
at Laurel Hill, N.Y. has a capacity of close on 400,000,000 lbs. 
of refined copper per year and according to Mr. A. C. Flumerfelt, 
one of the directors of the Granby Smelting & Power Co., a 
charge of 3 cents per lb. is allowed by smelters for cost of refining 
and to cover loss on impurities, amounting to about 4% and as 
the copper production of British Columbia is approximately 
50,000,000 Ibs., the refining of electrolytic copper would mean 
a saving to the province of approximately $1,500,000 now 
paid to foreign refineries. 
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Your sub-committee has communicated with the managers 
of the principal mining and smelting companies in B.C., as well 
as with experts in Great Britain and elsewhere and the concensus 
of opinion is that the time is not quite opportune for the estab- 
lishment of a refinery in British Columbia. 


In a personal interview with Mr. F. M. Sylvester, general 
manager of the Granby Consolidated Mining & Smelting Co., 
he concurred in the opinion expressed by Mr. R. H. Stewart 
and others, as stated in the accompanying letters. He agreed, 
however, with your sub-committee that the subject was of the 
utmost importance to the province. The output should steadily 
increase and when it reaches approximately 100,000,000 Ibs. 
per year, the establishment of an electrolytic refinery in the 
province would be justifiable. 


Cheap water power, one of the principal essentials to the 
operation of a refinery we have in abundance in B.C. The 
high cost of “especially unskilled labour’ is against the proposi- 
tion but that will regulate itself in time. The principal market 
for refined copper is at the present time in Europe and the eastern 
United States. Japan is a producer of copper and as a matter of 
interest we may mention that mines in Japan are not generally 
worked as joint stock companies, but are mostly family pro- 
perties which have descended to their present owners, from their 
ancestors and so far as is known, only one mining company in 
Japan, has its shares dealt in on the stock exchange, and mines are 
worked like other industrial undertakings, and owing to the 
abundance of cheap labour, they are yielding profits on exceed- 
ingly low grade ores. 


The present production of copper in Japan is about 90,000,000 
lbs. per year, but this does not supply the demand and Japan 
is an importer of refined copper. In spite of this fact, however, 
Japan operates a modern electrolytic copper refinery which 
refines about 37,000 tons of copper per year. 


We have pleasure in attaching herewith copies of the 
correspondence we have had with various interested parties. 


All respectfully submitted, 


(Sgd.) J. B. MATHERS, 
(Sgd.) N. THOMPSON. 
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The Consolidated Mining and Smelting Company 
of Canada, Limited. 


Trail, B.C., December 16th, 1914. 
N. Thompson, Esq., 
Care Cammell Laird & Co., Ltd., 
Vancouver, B.C. 
Dear Sir:— 

Answering your letter of December 12th, addressed to 
Mr. Stewart. Mr. Stewart is at present in the east and will not 
return for about two weeks. 

With reference to a copper refinery at the coast: the first 
question would be to find out whether you could get sufficient 
copper to refine to make the scheme ‘feasible, for instance, 
find out whether the Granby people could ship you copper to refine, 
and at what rate they could afford to give you the copper. 

I hardly think you would be able to compete with the large 
American refineries, tonnage being a large factor in obtaining 
low costs in copper refining. There is practically no difference in 
freight between shipping blister copper or refined copper and 
gold. In fact, the freight favours shipping the precious metals 
in the form of blister copper. 

In connection with our own output. This is extremely 
high in gold and would require to be mixed with some other 
product to get sufficient silver to part the gold. It would also 
take a lot of money to finance the handling of this material. 

I will give your letter to Mr. Stewart on his return and see 
whether he has any suggestions to make in the matter. 


Yours very truly, 
S. S. BLAYLOCK. 


The Consolidated Mining and Smelting Company 
of Canada, Limited. 


Trail, B.C., January 7th, 1915.. 
Nicol Thompson, Esq., 
Manager, Cammell, Laird Co., Ltd., 
Vancouver, B.C. 
Dear Sir:— 
Referring to your letter of December 12th, to which Mr. 
Blaylock replied on December 16th, I am of the opinion that it 
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would not be profitable to establish a copper refinery in Western 
Canada, at present. Conditions for the refining of metals are 
more favourable on the Eastern coast, due to the cost of labour, 
power, acids, and all the essentials of copper refining. J 

The difference in weight between blister copper and refined 
copper is about 2% or 3%, and the market in the west would 
be so extremely limited at present that there would be no gains 
to offset the advantages of refining in the east. 

As regards our own output, supposing we made blister 
copper it would probably be impossible to sell it even to a large 
refinery owing to its high and variable grade in gold and silver 
and to the resulting difficulty in sampling. If our copper were 
to be refined, it would, on this account, have to be done by our- 
selves. If it were possible to ship it without the gold, it would 
be cheaper to refine in the East. For these reasons I am of the 
opinion that it is premature to consider the question at the 
present time. 

Yours truly, 


R. H. STEWART. 


The British Columbia Copper Company, Limited. 


Greenwood, B.C., December 16th, 1914. 


N. Thompson, Esq., 
Vancouver, B.C., 


Dear Sir:— 

I have your letter of 12th inst., in which you ask for informa- 
tion regarding a copper refinery in British Columbia. 

In the first place, there are very few smelting concerns 
operating in B.C., at the present time, that are not under contract 
for their copper output, whether in the form of blister copper or 
copper matte, and how long these contracts run, we are unable 
to state. 

As to ourselves, we are shut down, but are still under contract 
to deliver quite a tonnage of blister copper to a certain refinery 
in the east. The Granby Co., being so closely allied to the Nicholls 
Copper Co. who have a refinery at Laurel Hill, New York, pro- 
bably would prefer to refine their copper back there, instead of 
giving it to a local concern. 
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The only refining concern which is producing matte in B.C. 
(at least to my knowledge) is the Consolidated Mining & Smelt- 
ing Company, at Trail and we feel certain that if they were 
able to secure a large amount of copper, whether through the 
purchase of ores, or matte, or blister copper, direct, it would pay 
them to instal an electrolytic copper refinery at Trail, as they 
already have a lead refinery at that point, so that a small refinery 
would save them considerable money. ‘This would work no direct 
benefit to other copper producers, for the simple reason that freight 
on refined copper from the refinery to the Atlantic seaboard would 
be charged the producer in any event, and as the difference between 
blister copper and refined copper is rarely over 2%, the saving in 
freight would be negligible. Personally, I do not see where a 
copper refinery could pay expenses in B.C. at this particular time. 
If, in the future, all copper producers could market their product in 
the province, it might be different. 

Trusting this information, which is very meagre at best, 
will be of service to you, I am, | 


Yours very truly, 
OSCAR LACHMUND, 
General Manager. 


351 S. Marguerita Ave., 
Alhambra, Cal., January 22nd, 1915. 
Nichol Thompson, Esq., 
Vancouver, B.C. 


Re Copper Refining. 

Assuming the conditions in copper mining to be about the 
same as when I left British Columbia, with the exception of the 
new operations at Hidden Creek and the temporary closing 
down of the Granby smelter and the Greenwood smelter, the 
production of copper is about the same. The interests control- 
ling these corporations; are varied while the product of all of 
them is contracted for for terms of from one to five years ahead, 
while the product of the Granby Co., which is controlled by the 
Nicholls Refining Co., of New York, could not be diverted from 
its present route, so that were market and other conditions sat- 
isfactory for the establishment of a refinery on the coast, I am 
afraid that very little of the present output of copper would be 
available for such a project. 
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The disposition of the different plants is about as follows:— 


Trail: Ship to Tacoma Granby; Ship to New York. 
B.C. Copper; Ship to New - Marble Bay; Ship to Tacoma. 

York. Hidden Creek; Ship to New 
Britannia; Ship to Tacoma. York. 


All of this product is probably tied up under long contracts 
so that you could not hope to get sufficient copper to run a 
refining plant at the present time. 


The electrolytic refining of copper also involves the separa- 
tion and refining of silver and gold, requiring large amounts 
of capital and no market at hand for the finished copper product, 
for these and may other considerations I do not think it would 
be either advisable or profitable to build a refinery on the Coast 
under present conditions. 


Yours very truly, 
THOS. KIDDIE. 


30 Fairfield Building. 
January 13th, 1915. 


Nichol Thompson, Esq., 
City. 


My dear Mr. Thompson:— 

In reply to your query about the establishment of a copper 
refinery at the coast, my opinion is that it could only be pro- 
fitably operated as an independent concern, under the following 
conditions. 

First, that you have the co-operation of the large producers, 
namely Granby, B. C. Copper and Canadian Consolidated. 

Second, that you can be assured of a market for your product, 
or at least a major portion of it independent of New York. 

Third, that you secure a favourable rate for power and a 
site that ensures favourable transportation rates. 

As refining would involve the shipping of the gold and 
silver to its market, either as a refined product or in the shape of 
doré bar, at a high transportation cost, it is manifest that if 
the bulk of product must go east, it is cheaper to transport the 
blister copper, containing the precious metals, also the cost of 
labour and supplies would certainly be against the western plant. 
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Regarding the process to be used. There is no process as 
good in every respect as the electrolytic. In Japan the most 
modern plant, at Ashyo, is electrolytic. 

Yours very truly, 
ROBERT R. HEDLEY. 


The Mining and Engineering Record. 
September, 19138. 
AN ELECTROLYTIC REFINERY FOR THE PACIFIC COAST. 


A. C. Flumerfelt, one of the directors of the Granby Con- 
solidated Mining, Smelting and Power Company, is quoted as 
authority for the statement that the operations of that company 
will ultimately result in the establishment of a refinery in British 
Columbia. As matters stand the copper output of the province 
has to be shipped to eastern refineries. principally that of the 
Nichols Copper Company at Laurel Hill, N.Y., which has a 
capacity of close on 400,000,000 Ibs of refined copper per year. 

A charge of three cents per lb. is allowed by smelters for 
cost of refining and to cover loss on impurities amounting to 
about 4%. As the copper production of British Columbia 
amounts to over 50,000,000 lbs. and is steadily increasing, the 
refining of electrolytic copper would mean a saving to the pro- 
vince of $1,500,000 now paid: to foreign refineries. 

Cheap power is the principal essential to the operation 
of a refinery, and British Columbia has water-powers running to 
waste in abundance. ‘The cost of refining varies from $8.00 to 
$20.00 per ton. 

Mr Flumerfelt states that ten years ago Mr. Graves, the 
Managing Director of the Granby Consolidated and he were 
authorized to secure a smelter site near Vancouver with a view 
to the ultimate establishment of a refinery, and the only reason 
for the plan not being carried out was the want of an assured 
supply of blister copper. That objection is now removed. 


5. LYNN CREEK ZINC DEPOSIT. 


A report was presented to the Commission which had been 
furnished by Mr. Newton W. Emmens, mining engineer to the 
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Western Dominion Land and Investment Company, Ltd., of 
Vancouver with reference to the zine deposits on the west fork 
of Lynn Creek. The report, which was dated August 5th, 1912, 
gives a very favourable account of the deposits of zine in this 
locality and states that if these are properly developed they should 
result in a very valuable mine; very little data are given with 
regard to the amount or composition of the ore. 


An article in “The Daily Province,” Vancouver of June 
25th, 1915, refers to the ore at Lynn Creek. It is urged that this 
deposit contains a very large amount of ore which is sufficient to 
justify the organization of a zinc smelter in the neighbourhood 
of Vancouver. It is stated that development of the Lynn: Creek 
property will commence in July. 


6. T. SCOTT ANDERSON EXTRACTION PROCESSES 
FOR COPPER AND ZINC. 


Letter, May 31st, 1915, from T. Scott Anderson to Col. 
David Carnegie, states that Mr, N. Thompson, of Vancouver, 
has asked him to write with regard to the production of electro- 
lytic copper direct from the ore, and also a zine ore treatment. 
Gives some particulars of these processes. 


Letter of Nov. 27th, 1912, from T. Scott Anderson, Sheffield, 
England, to Messrs. N. Thompson & Company, Vancouver, 
B.C., in reference to the treatment of ores from Lynn Creek. 
Refers to chemical process for recovering zinc and copper from 
these ores, obtaining the zinc as a sulphate, and sulphuric 
acid as a by-product. One ore treated showed a recovery of 
98% of the copper, 94% of the zine (as oxide) and 88% of the 
iron. 

Letter of August 10th, 1914, from T. Scott Anderson to 
Messrs. N. Thompson & Company, refers to processes for re- 
fining copper matte. 

Memorandum of June, 1911 from T. Scott Anderson giving 
details of his process for the electrolytic production of pure 
copper direct from the ores, and of tests made on this process. 

These memoranda are very lengthy and do not strictly bear 
on the present investigation. 


102 


SECTION VI. VISIT TO BRITANNIA. 


1. MEMORANDUM BY COLONEL DAVID CARNEGIE OF 
A VISIT TO THE BRITANNIA MINING AND 
SMELTING COMPANY,ON WEDNESDAY 
APRIL 14th, 1915. 


The Commission met Mr. Donnahue, assistant to the 
manager, who gave particulars of the supply of ore, method of 
concentrating, and conditions of sale of their concentrates to 
the Tacoma Smelting Company. He favoured the starting of 
a copper refinery near Vancouver, provided it could give as good 
rates as the Tacoma Company. He stated that his Company 
was considering the erection of a smelter near the mine, and 
gave particulars of the amount and cost of water power available, 
also cost of coal and other supplies. 

The memorandum is as follows:— 


Drs. Wilson, Stansfield and myself left Vancouver at 9.15 
a.m. by boat and reached the mine about 12.30. 


Mr. Donnahue showed us over the works at the Beach. 


They employ about 400 or 500 workmen at the Beach 
and at the Mine inclusive, consisting of almost all nationalities, 
the common labour being done by Japanese. The total in- 
habitants at Britannia Beach and at the mines, including women 
and children, is nearly 1,000. 


Every provision is made for the comfort of the workers. 
There is a large store which would do credit to Vancouver. 
Every facility is found for the domestic supplies and the general 
comfort of the people. There is a hospital and a doctor, together 
with a trained nurse. There are two schools and also social and 
recreative opportunities for enjoyment. 


Household and domestic supplies can be obtained at the stores 
without cash, payment for same being deducted from the wage bill 
of theemployee. This method of obtaining storesis not compulsory 
but is taken advantage of by many of the work people, particularly 
the unmarried men. The works are built amongst beautiful sur- 
roundings, the mill being on the beach and the mine three or four 
miles up the mountain at an altitude of nearly 3,500 feet. The 
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ore is at present brought down by a gravity rope way in cars, 
but a new incline 5400 feet long, with an altitude of 1800 feet 
is being equipped with cars to carry 10 tons of ore. Mr. Donnahue 
informed us that they had contracted with the Tacoma Copper 
Works to supply them with their entire output of ore concen- 
trates and that it would be two years more before the contract 
expired. They are charged $2.75 per ton flat rate for the re- 
fining of their concentrates, plus 22 cents per lb. for copper 
refining, the Tacoma Company retaining for their own profit 
10 lbs of copper per ton of ore or concentrates supplied. They 
are also penalized if the ore contains over 8% of zine and also 
if the ore contains silica exceeding 10% of the amount of iron in 
the concentrate, but excess of iron is paid for. Mr Donnahue 
saw no reason why a copper refinery could not be established on 
the coast and he did not think there would be any opposition to 
such aproject bythe Americanrefineries. He believed thatit would 
not matter to whom his company shipped their ores or concen- 
trates so long as they received a suitable price. It was a question 
of dollars and cents. He said that his company would ship to 
Vancouver just as soon as to Tacoma. He stated also that they 
had had under consideration the locating of a smelter and they 
considered that the South Valley nearby their present location 
was the most suitable for water power which they hoped to secure. 
Their present output is 800 tons of ore per day. They are now 
mining from 15 million to 18 million lbs. of copper per year. 
They are increasing their equipment at the mill with the object of 
treating lower grade ores of about 1% copper contents. The av- 
erage amount of copper in their ores as mined at the Fairfield 
Mine is approximately 24%. They have three claims called the 
Bluff, the Jane and the Fairfield, all close to each other, on all 
of which mining has been done. The Bluff contains a low grade 
copper ore with a percentage of zinc in it. There are nearly 
two million tons of this ore, particulars of the analysis of which 
Mr. Donnahue has arranged to send us. The Jane mine con- 
tains more Pyrites with a little iron. The Fairfield contains 
copper pyrites, the copper being nearly 3%. They installed 
a MacDougall furnace and a Wetherill magnetic separator 
for treating the ore, but it was not put into operation. ‘Their 
working hours are 8 hours per day in the mine and nine hours 
on the outside. They at present generate about 1,500 k.w. by 
water power costing from $3.50 to $3.75 per h.p. year. These 


104 


operating costs do not include the capital costs. They have 
also a 500 k.w. low pressure steam turbine plant and have on 
order from Fraser & Chalmers, Kent, a 2,000 k.w. low pressure 
steam turbine plant. 


The units are as follows:— 


In the upper plant— 


1 200 k.w. electric generator. 
1 100 k.w. electric generator. 
1 150 h.p. compressor. 
1 175 h.p. compressor. 


In the malling plant— 


1 150 k.w. rotary generator from a 700’ water head. 
3 Generators, each 200 k.w. from a 700’ water head. 
2 150 h.p. electric generator. 

2 100 h.p. electric generator in the milling plant. 


Beach plant— 


1 400 h.p. rotary generator from 1900’ water head the 
pressure being 800 lbs. per square foot at wheel. 


FUEL. 


The cost of coal is $5.65 in the lump at the pit for domestic 
purposes. 

Oil costs $1.10 per barrel of 85 imperial gallons delivered 
on the beach and $1.00 at Vancouver. The cost of Australian 
coke was about $13.00 per ton. The ore concentrates contain 
about 15% of copper. They are briquetted at Tacoma, gypsum 
being mixed with the concentrates, after which they are charged 
into the blast furnace for smelting. No roasting is done. Mr. 
Donnahue stated they could easily make refined copper for 8 cents. 
Tacoma costs include everything and were a little lower than 8 
cents per lb. for refined copper. Tacoma shipped a good deal of 
her copper to Japan. Mr. Donnahue did not see any reason why 
copper could not be refined as cheaply in British Columbia as 
in the United States. The rate to Tacoma per ton for copper 
concentrates was 66 cents, the distance being about 168 miles 
by water. the rates for some freights were as low as 50 cents. 
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POWER. 


The approximate cost for a 4,500 k.w. generator and water 
wheel plant is about $50.00 per h.p. The cost of mining the 
tunnel in‘the hill by contract was $20.00 per running foot. 


COST OF PRODUCTION. 


$2.05 for ore per ton. 

5.1 cents for the ore per lb. of copper produced. 
Cost of milling, 64 cents per ton. 

Cost of traming, 22 cents per ton. 


The length of the tramway is approximately 11,200 feet 
in two units of 6,000 feet and 5,200 feet. The cost of marketing 
the concentrates is $12.00 per ton. This cost includes freight at 
74.4 eents per ton of dry ore. Unloading, 16 cents per ton. 
Smelting treatment at Tacoma, 71.03 cents per ton. 


Mr. Donnahue very kindly showed us the lower part of 
the mill where the concentrates were being finished. They have 
9 Hardinge conical mills and one tube mill through which 800 
tons of crushed ores are passed per day of 24 hours. These 
mills scoop up the crushed ores, which are about the size of small 
peas, water being fed in all the time with the ores. The lining 
of the mill consists of short lengths of 4” flat bottom rails, about 
4” jong; these are placed in neat cement first coated around 
the inside of the drum to a thickness of 2”, the rail being pressed 
into the cement after which a second coating of cement, making 
4”, is put on: This lining costs about $125.00 and lasts one 
year, instead of three months which was the usual life of the 
Chrome steel linings formerly used. They take 72 hours to 
reline and pure cement is the only material used along with the 
short lengths of rails. The speed of the mills is about 50 r.p.m. 
The crushed ore passes from these mills into a mineral separ- 
ation unit of eight cells, the first two of which are used as 
emulsifiers. A certain proportion of creosote, gas oil and crude 
oil are allowed to drip into the first cell to promote the separ- 
ation of the concentrates from the gangue. The creosote takes 
the place of tar formerly used. The oil costs amount to about 
5 cents per ton of concentrate produced. 
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2. BRITANNIA MINING AND SMELTING COMPANY, 


BRITANNIA BEACH, B.C. 


Letter of April 23rd, 1915, from Mr. J. W. D. Moodie, 
Vice-President and General Manager, to Col. David Carnegie, 
giving replies to a series of questions in regard to the establish- 
ment of a copper refinery in Canada. 

Mr. Moodie states that their power costs, during the past 
two years, have been in the neighbourhood of $45.00 per annum 
per h.p. and that further increases are being made in the size 
and efficiency of their power plant. 


The questions and answers follow:— 


1. Q. 


A. 


2. 4. 


3. Q. 


on 
© 


How far have you gone in considering the treatment of 
your ores to matte and blister copper, and by what meth- 
ods? 

Consideration has been given at times to the question 
of erecting a smelter for the treatment of our own and 
customs ores but on account of the heavy expenditures 
necessary in order to place present plant on a larger 
tonnage basis no further action was taken, deferring 
this until later date. 


Have you considered the question of refining blister 
copper in Canada, and what were your conclusions? 


. The question of refining blister copper in Canada has 


not been given serious consideration. 

Do you favor refining in Canada? If so why? If not, 
why not? 

We favor the refining of our copper in Canada providing 
this can be done on basis as favorable as provided by 
present contract with smelting company. 


. What location, or locations would, in your opinion, be 


the most advantageous for a copper refinery and why? 


. Britannia Beach, in our opinion, offers a very favorable 


site for copper refinery for many reasons, the chief ones 
being contemplated cheap power costs and water trans- 
portation for the crude and finished product. 


. What would it cost to refine copper at the point you 


consider the best location for a refinery, and how would 
these costs be distributed among the items; interest on 
investment, overhead, power, fuel, labour, marketing? 


6. Q. 
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. It is our understanding that power is the principal operat- 


ing expense and tonnage available the chief factor in cost 
of production. Unfortunately we are not in possession 
of sufficient data to make proper reply to your query. 
Would you favor an amalgamation of the principal copper 
producers in British Columbia to control one central 
refining plant. 


. It is our opinion that an independent refinery operated 


under an economical management could with more success 
handle, under proper contracts, the copper of the various 
companies than by the co-operative control system. 


. Would your company be prepared to contribute blister 


copper to such a plant, and under what conditions? 


A. The contribution of our copper to a refinery would, of. 


course, be dependent upon the erection of smelting plant, 
and following which the securing of favorable contract 


_ terms. 


8. Q. 


9. Q. 


10. Q. 


What production of blister copper per annum would be 
needed to support a copper refinery on a commercial 
basis? 


. We have heard various figures submitted in answer to 


this question, ranging from fifty to one hundred million 
pounds per annum, and regret that we are unable to 
furnish definite information. 

How long will it be before your company will be free to 
make new. contracts for the treatment of your blister 
copper? 


. Our present contract with smelting company is dated 


February 15th, 1913, and is for a period of ten years, 
with provision, however, that same may be terminated at 
end of five years, should we decide to erect our own 
smelter. Further stipulation is also made that in the 
event of termination at end of five years, contract shall 
continue for six months additional; also, covering periods 
of shut down, such as under our present operating condi- 
tion, resultant from recent slide. 

In what way do you think that the Government could 
best assist in the establishment of a refinery? 


. By encouraging mining companies through power con- 


cessions, etc. 
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SECTION VII. REPORT FROM PRINCE RUPERT. 


The Board of Trade of Prince Rupert, B.C. communicated 
to the Commission a report by Mr. A. C. Gardé on the resources 
of copper and zinc ores within the district tributary to Prince 
Rupert. This report which is appended in full and dated, 
June 3rd, 1915, deals mainly with the supplies of copper ores in 
the north of British Columbia and the advantages to be gained by 
locating a copper refinery at Prince Rupert. This city, the 
western terminus of the Grand Trunk Pacific Railway could 
recelve ores and concentrates from a mining district about 700 miles 
long and 500 miles wide. The Anyox smelter in this region, 
already contributes one third of the output of copper in British 
Columbia. There are some ores containing zinc in combination 
with lead, silver, etc., and it is considered that the electro-thermic 
smelting method will ultimately be found suitable for their treat- 
ment. The smelting of copper ores at Anyox is described, and 
it is recommended that the blister copper from Anyox and other 
points in the district should be refined at Prince Rupert. 


REPORT ON THE RESOURCES OF COPPER AND ZINC 
ORES WITHIN THE DISTRICTS TRIBUTARY 
TO PRINCE RUPERT. 


By A. C. GARDE. 
PART I. PREFACE. 


The President and Members, 
Board of Trade, Prince Rupert, B.C. 


Gentlemen :— 

In accordance with your request, I beg to submit my con- 
densed report on the resources of copper and zine ores within 
the districts tributary to Prince Rupert, together with notes on 
the present facilities for smelting and the eventual refining of 
such products as are required in the manufacture of munitions of 
war, now under consideration by Colonel David Carnegie of 
the British War Office. 
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Government Reports.—That it is impossible for me to do 
justice to so expansive a subject in the time at my disposal is 
evident. Even a brief description of properties on which work 
has been done, and shewing of ore made, would make a long 
article. In this respect I refer you to the excellent reports, 
edited and published in Victoria, B.C. by the Provincial Miner- 
alogist, Mr. Wm. Fleet Robertson. Also many valuable memoirs 
issued by the Geological Survey of Canada, and the Department 
of Mines, Ottawa, under the able supervision of Dr. Eugene 
Haanel. 

Facts and Commercial Aspect.—I shall therefore, confine my 
remarks as much as possible to accomplished facts, with special 
reference to developed mines and promising claims within your 
district, together with such further data, along the lines of smelt- 
ing and refining, as may be useful to Colonel Carnegie and his 
Committee in suming up the general situation as it presents 
itself in Prince Rupert and Northern British Columbia, from a 
commercial and industrial point of view. 

Central Geographical Position.—By reference to the attached 
map of British Columbia it will be readily seen that the Skeena 
Mining Division proper, extending about 200 miles to the north, 
and 150 miles to the south of Prince Rupert, is bounded by the 
Pacific Ocean to the west, and the Omineca Mining Division to 
the east. The size of this comparatively small territory has been 
mapped out and limited by the Provincial Government with a 
special view to convenience in the administration of the same, 
and for that reason only covers a part of the ore-producing area 
to which I shall refer in the following report as “Your District’. 

Prince Rupert Disirict—On the map, I have outlined in 
purple ink the “greater” district of which your city for several 
economic reasons is the natural and strategic centre. 

1. By virtue of its central location in the district. 

2. On account of its being situated at tide water and pro- 
vided with excellent harbour facilities, also a magnificent dry 
dock. 

3. Perhaps the most important point of all, Prince Rupert 
is the Pacific terminus of the Grand Trunk Pacific Railway—an 
undertaking of national importance—completed since the out- 
break of the European War. | 

Prince Rupert Hinterland.—To the east, your district, 
which is traversed by the GrandTrunk Pacific Railway, extends 
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through the central portion of the province, and reaches well on 
towards the Yellowhead Pass in the Rockies, taking in the whole 
of the Omineca, also part of the Caribou and the Peace River 
Mining Divisions. Bella Coola to the south, and the Queen 
Charlotte Islands to the west are both situated within a radius of 
200 miles of Prince Rupert. 

Cassiar District—To the north the Portland Canal, the 
Stikine, the Atlin, and the Liard Mining Divisions—known as the 
Cassiar District—will all find a natural outlet by water haul to 
Prince Rupert. 

Alaska and The Yukon.—This also applies to the coast and 
the islands of south eastern Alaska—known as the Pan Handle— 
as well as to the Yukon Territory beyond Atlin. | 

Economic Conditions.—It is not unreasonable to predict 
that the bulk of ores mined and concentrates produced within 
the above mentioned large district, which covers an area of 
approximately 700 miles in length and 500 miles in width, and 
from a mining point of view represents the best part of the pro- 
vinee of British Columbia, will eventually gravitate to Prince 
Rupert by way of rail or water, and more particularly so if 
smelted and refined in transit. Plants for these purposes could 
be most conveniently located in Prince Rupert. 


Progress in the north.—To any one not familiar, or only 
slightly acquainted with the progress made in Northern British 
Columbia in the last decade these statements may seem rather 
exalted, and it must be admitted that since developments in 
your district were started, and your city first placed upon the 
map—about eight years ago—it has been a case of ‘what you 
hoped and expected to do.” The completion of the railway, 
inadvertently delayed for several years, now an accomplished 
fact, has altered all this. You have become a producer. 


Production.—Your debut among the copper producers of 
the world is a definite and distinct success, and the first step in 
the right direction—the stride of a young giant. 


Anyox Smelter Data.—I have taken considerable pains to 
compile authentic data on the subject, and append a resume of 
my conclusions. Since March, 1914, when the new smelter at 
Anyox, Granby Bay, owned by the Granby Consolidated Mining 
Smelting and Power Company, Ltd., was “blown in’ until the 
end of the year 1914, 260,000 tons of 2.2% copper ore were mined 
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from the Hidden Creek properties on Observatory Inlet, at a 
eost of about $1.00 per ton, and smelted at the Anyox plant; 
producing 12,000,000 Ibs. copper, valued at $1,500,000. 
130,000 ozs. of silver, valued at 71,240. 
2,300 ozs. of gold, valued at.. 56,000. 


Total $1,627,240. 


Present Production.—This represents nearly one sixth of 
the total output of copper in Canada, and 30% of British Co- 
lumbia’s production for the year 1914. 

Future Production.—Even this record will be broken in the 
near future, as a fourth furnace and auxiliary power is now being 
added to the plant, and there is every reason to believe that by 
the end of this year your district will contribute one third of the 
Canadian annual production of copper, which last year amounted 
to 75,738, 386 lbs., and one half of the British Columbia output, 
which in 1918 amounted to 45,791,570, and in 1914 to 41,221,628 
Ibs. 


Granby Co.—It is of interest to note that the Granby Co. 
has for a number of years been the pioneer company in mining 
and smelting low-grade copper ores, on a large scale at Phoenix 
and Grand Forks, in the boundary district, southern British 
Columbia, but it was not until 1912 that the Hidden Creek 
Mines at Observatory Inlet in the Skeena Mining Division were 
bonded by them and a campaign of systematic testing and 
development work undertaken. After having thoroughly in- 
vestigated and diamond-drilled this valuable group of claims, 
the property was purchased and extensive development work 
started. 


Diamond Driiiing.—166 diamond drill holes were put down 
with a total footage of 43,591 feet in the course of this develop- 
ment work, and options taken on several other promising groups 
in the same locality. At the present time, the Granby Company 
owns more than 5,000 acres of mineral bearing lands and is 
continually adding to its holdings. 


$3,000,000 Invested.—Their actual capital invested in mines 
and smelter equipment in your district exceeds $3,000,000. 


20. Million Tons Developed.—In round figures this enter- 
prising company has developed 20,000,000 tons of ore averaging 
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1.4% copper, and thirty cents combined gold and silver values 
per ton. One half of this tonnage will assay, approximately 
2.2% copper and yield 40 lbs. of copper net per ton of ore smelted. 
As compared with the Phoenix ores in southern British Columbia 
—from which recovery of only 17 lbs. of copper per ton is made— 
the Granby holdings at Hidden Creek may well be regarded as 
high-grade, and it is principally for this reason that operations 
were kept up at Anyox after war was declared in August, 1914, 
while the company’s smelter at Grand Forks was temporarily 
closed. 


PART II. MINING. 


Remarkable Coast Line.—Prospecting for minerals on the 
coast of British Columbia is by no means an easy task, owing 
to the luxuriant growth and heavy mantle which is found every- 
where; but is materially aided by the irregular shore line and 
numerous deep inlets. 

Fjords.—These inlets, like the Fjords of Seandinavia, cut 
deep into the mainland and expose the formation for as much 
as one hundred miles. Portland Canal and Observatory Inlet 
are excellent examples. Observatory Inlet divides at the head 
into two branches, known as Hastings and Alice Arm, and, as 
shown on the map, stretching respectively in a northerly and 
easterly direction. This Fjord may be compared to a huge open 
cross-cut with drifts extending both ways. 


Prospecting and Shipping.—The inland frontage thus opened 
has not only been a great boon to the prospector in making 
new discoveries of minerals, but also to the Coastwise Steamship 
Companies on account of the excellent waterways thus afforded, 
and by which any vessel may approach the wharves that have 
been constructed at the various shipping points. I have al- 
ready mentioned the importance of the Hidden Creek Mines 
situated at the head of Observatory Inlet, Granby Bay. 


Pioneer.—When Mr. Myron K. Rogers eight years ago 
undertook to develop this group he became the founder of the 
most recent and promising copper camp in British Columbia. 
Incidentally he is also the pioneer of the Nickel Plate Mine, 
at Hedley, B.C., in the Similkameen district, a property which 
is universally regarded as the most valuable gold mine in Canada, 
if not in North America. 
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Bonanza Group.—Another group of six claims, known as the 
Bonanza Group is situated on the Creek of the same name two 
miles to the south of Hidden Creek. A great deal of exploration 
work in the shape of diamond drilling has been carried out for 
several years by the Granby Company, to whom the property 
was under option. This option has now been exercised. The 
surface croppings are very extensive, and indicate the presence 
of a wide mineralized zone consisting of copper and iron pyrites, 
with considerable quartz. Whether these sulphides and their 
matrix will lend themselves to the same process of pyritic smelt- 
ing as the Hidden Creek Mines remains to be seen. Judging 
from the amount of work done and the large tonnage of ore 
reported to have been determined by numerous drill-holes put 
down, it is more than likely that another producer will soon be 
added to the list. 


The Outsider’s Group.—lIs situated in Maple Bay, Port- 
land Canal, and has the distinction of being the first copper 
producer in the district. It was originally bonded to the Brown‘ 
Alaska Co. of Hadley, Prince of Wales Island, Alaska, and 
approximately 15,000 tons of 3% copper ore was shipped to their 
smelter at Hadley in 1906. Unfortunately the above company 
which was not a strong one came to grief owing to the fall in 
price of copper that year, and since that time there has been 
nothing further done with the Outsider’s Group, notwithstanding 
its good showing of ore and shipping facilities. Recently it 
has. come into prominence again on account of its proximity 
to the adjoining group, known as the Maple Bay Group. 


Maple Bay Group.—This group, also situated at Maple 
Bay, consists of about 40 claims and covers an area of nearly 
2,000 acres. It joins the Outsider’s Group at Maple Bay and 
is at the present time under a long term option to the Granby 
Company. It is apparently one of those huge copper and iron 
sulphide deposits like the Hidden Creek and the Bonanza mines, 
and on which considerable diamond-drilling will have to be done 
to test the extent of the mineralized zone. Work of this kind was 
carried on last year, and is being continued this year by the 
Granby Company. 


Kitsaulte Copper Camp.—At the head of Alice Arm on the 
Kitsaulte River, and 17 miles from tidewater, several promising 
discoveries of iron and copper sulphides have been made. The 


114 


pyrite and chalcopyrite croppings would seem to indicate the 
presence of a mineralized zone which appears to be more than 
one-half mile wide, and can be traced on the surface in a north- 
westerly direction for nearly five miles. It is bounded on the 
southwest side by red porphyry, and on the northeast side 
by slates. The ore occurs in a quartz gangue, sometimes in the 
quartzite, and at other times interspersed with diabase intrusions. 
A series of groups have been staked on the various showings 
but comparatively little work has been done as the out-croppings 
are too big to enable the average prospector to do more than 
penetrate the capping. Most of the assessment work has there- 
fore been expended on trails, and in preparing for bigger ex- 
ploitations and diamond-drilling. The Red Point Group, con- 
sisting of four claims is the premier location. On account of 
the heavy iron-oxide stain this property can be seen a long way 
off when coming up the valley. It forms the backbone of a 
spur of the mountain-range in which the Kitsaulte River has 
its source, and is situate between that river and Evindsen Creek. 
Several ore bodies of chalcopyrite have been exposed here by 
stripping. On the first one, measuring from 14 to 16 feet in 
width. Mr. Donald G. Forbes, Mining Engineer for the Govern- 
ment took a sample in 1913 which assayed copper 5.9%, silver 
2.5 ozs., gold $6.00. On the second showing, which is 350 feet 
from the first, a sample two feet of ore assayed: copper 4.6%, 
silver 0.6 ozs., gold 80c. Further up on the mountain side Mr. 
Forbes took sample No. 1 from another lens of ore measuring — 
20 feet across, assaying: copper 8.5%, silver 1.8 ozs., gold $7.60, 
besides other samples yielding good returns both in copper and 
gold. In addition to the “Red Point” group a dozen others 
have been staked in the same zone. The ‘“Combination,”’ ‘““Dan 
Patch,’ “Vanguard,” “Copper Cliff,” ‘Copper Moon,” and 
“Sun” claims, ete. On most of these properties the showings 
are quite sufficient to justify further developments, but the 
existing transportation facilities on the Kitsaulte River are 
anything but favourable for shipping ore. In time it may be 
good business to build a short railroad from the canyon down to 
Alice Arm by following the riverbank, but the immediate demand 
is for a wagon road on which supplies can be hauled intocamp. I 
understand that the Provincial Government is arranging to 
start work on a road this season, more particularly on account of 
important developments at the Dolly Varden Silver mine situ- 
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ated immediately to the south of the above mentioned prospects, 
and on which a concentrating plant is under serious consideration. 
This feature will assist materially in bringing the new copper 
belt to the fore. In the same district, seven miles from Alice 
Arm, at the headwaters of the Chigitsquit river, a tributary 
to the Kitsaulte, a promising group of claims known as the 
“Red Bluff”? have been located. The outcroppings are quite 
similar to the Red Point, and other claims in the vicinity of Alice 
Arm, and like these are still in the prospecting stage. This 
same pertains to locations made on the Illiance River farther 
east, and on Roundy Creek to the south. Both streams empty 
into Alice Arm at the head. 


Hastings Arm.—Here a number of locations have been 
staked within the past two years and good samples of copper 
ore have been brought out by prospectors, indicating that the 
district immediately to the north of Alice Arm in time may become 
of importance as a source of copper. 


Southeast Alaska.—On Prince of Wales Island the Granby 
Company has acquired the ‘““Mamie’’ mine, and developed 335,000 
tons of ore averaging 2.25% copper. The ore is valuable as a 
flux in the smelting operations at Anyox. The “It” and “Dean” 
mines, situated on the same island have also been taken over by 
the Granby Company. This property will average from $15.00 
to $10.00 per ton in copper and gold values. At least 5000 tons 
of ore have been developed, and the property is fully equipped to 
produce 30 tons. per day. The “Midas’’ mine situated on 
Prince William-Sound, near Valdez, is also owned by the Granby 
Company. The estimated tonnage developed is 160,000 tons 
averaging 4% copper, and $10.00 in gold. ‘This property is 
ecuipped with a plant capable of handling 100 tons of ore per day 
which is shipped to the Anyox smelter. 


Skeena River, G.T.P.Ry.—Within a distance of 171 miles 
from Prince Rupert, on the Grand Trunk Pacific Railway, the 
Montana Continental Development Co. at Tramville, near 
Skeena Crossing, has installed a complete power plant at the 
Roche de Boule mine and developed approximately 30,000 
tons of copper ore with encouraging results. The new company 
took over the mine in November, 1913, at which time approx- 
imately 10,000 tons of ore were blocked out. Last year the work 
was closed down during the winter for four months while ore 
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bins were being erected in Prince Rupert for shipping purposes. 
Regular shipments to the Granby smelter at Anyox are now 
kept up at the rate of about 50 tons per day. It is stated by 
the management that the assay values run from 8 to 10% copper, 
with $3.00 in gold and silver, and that shipments will be increas>d 
to 100 tons per day as soon as everything is in running order. 
The pay-ore consists of copper sulphides and grey copper. In 
view of the good results obtained in so short a time, and con- 
sidering that this is the first copper produced on the G.T.P. 
Railroad, it is of particular interest to Prince Rupert, and re- 
cognized as the fore-runner of many others now in various stages 
of development, for instance, the “Great Ohio,” the “Highland 
Boy,” the “Red Rose,” etc. Near Kitselas, at Mile 107 on the 
G.T.P. Railway, at a station known as Usk, the La Cordillera 
Mine has also commenced to ship on a small scale. A trial car 
of very good looking copper ore is now on the way to the Anyox 
smelter. In the same vicinity on the Copper River, which is 
tributary to the Skeena, several copper claims have been staked 
not far from where the well known iron and coal claims are 
situated. 


Yukon Territory—By continuing the journey northwards 
to Skagway and Whitehorse we find that copper ores of excep- 
tionally high grade are mined at the “‘Pueblo” mine and that 
representative shipments have been made from here for the 
past two years. In the same belt there are many good copper 
prospects of which the “Best Chance” might be mentioned. 
In the Atlin District and at “Rainy Hollow”’ finds of high-grade 
copper ore have also been made and the indications for 


active mining operations in the far north are indeed favour- 
able. | 


Queen Charlotte Islands.—Only one mine, the “Ikeda” is 
at the present time shipping copper ore in small lots to the Anyox 
Smelter, but on Moresby Island, there are several other proper- 
ties now under development, and it is expected that some of these 
will soon become productive. 


Kitimaat and Douglas Channel.—In this district numerous 
mineral locations have been recorded, and_on several of these 
good samples of both copper and silver-lead-zine ores have been 


obtained. Only the necessary assessment work has so far been 
carried on. 
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Portland Canal.—This district, of which the city of Stewart 
is the centre, is well known for its silver, lead and zinc mines, 
and considerable work has been carried on for a number of 
years towards developing same, especially by the Portland Canal 
Tunnels, Ltd., and Portland Canal mines. Copper is often 
associated with the ores of this camp, and widely distributed. 
At the Red Cliff mine, situated at Lydden Creek, Bear River 
district, the principal values are in copper and gold, and two or 
three lenses of good grade chalcopyrite have been located here 
and blocked out. Shipments from this property are likely to 
commence at an early date, as it is well equipped with a 10-drill 
compressor plant, also ore bunkers located on the Portland 
Canal Short Line Ry. leading to Stewart. Renewed activity at 
this property would encourage developments on many promising 


copper prospects in the same vicinity on Lydden and American 
Creeks. 


Mixed Ores.—The Stewart Mining District will no doubt 
in time add much to the mineral production of British Columbia, 
but has not advanced as rapidly as expected on account of the 
complex, or rather mixed, nature of the ore-bodies found. It may 
therefore be of interest to analyze briefly the principal causes for 
delay. 


Difficulties.—1. After making due allowance for the usual 
extravagant statements expressed in every new mining camp, 
the fact remains that important ore deposits exist in the Portland 
Canal district. Unfortunately the values are not confined to 
one or two minerals; but often an admixture of four or five, 
viz:—lead, silver, zinc, gold and copper, besides iron. 

2. Many prospectors and investors not familiar with com- 
plex ores and “‘illusive’ assay certificates were lead to believe 
that all (or practically all) of these values could be recovered 
and would be paid for by the smelting companies to whom the 
ores were consigned. 

8. It is a well-known fact that a lead smelter will not pay the 
miner for copper and gold values, unless these metals are present 
in appreciable quantities, nor is it possible for the copper smelter 
to pay him for the lead when the bulk of it is lost by volatiliz- 
ation in the smelting process. 

4. As to the zinc, we know that all smelters, with ay: ex- 
ception of those that have specially constructed plants for the 
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recovery of zinc by means of intricate methods of distillation and 
condensation, look upon the presence of this metal as a nuisance, 
providing the ores contain more than 8 or 10% of zine. If these 
ores are accepted at all they will be subject to a penalty of 50c 
for each unit above the first 8 or 10%. 


5. It should furthermore be remember that there are no 
zine smelters in British Columbia yet, capable of treating these 
mixed zinc ores successfully, and that the silver-zine concentrates 
and silver-zine ores which at the present time are being exported 
from the Kootenays in reality are silver ores and for that reason 
able to stand heavy freight charges and import duties to the 
United States. 


6. The Portland Canal and Skeena River zinc ores do not 
contain appreciable silver values like the Kootenay ores, and are 
therefore not able to overcome the high freight and duty charges 
to Colorado and Missouri. 


7. Should the mining conditions warrant the cost of a 
mill it might be advisable for the mining companies to erect a 
concentrating, or separating plant on the premises, whereby 
the zinc could be eliminated or saved as a separate product, 
and the lead brought up to a higher grade ready for shipment 
to the lead smelter. Again, where the ores contain values in 
copper or gold, additional smelter products might be made and 
in this way little difficulty should be experienced in securing 
markets for the various individual products on account of their 
greater value. 


8. I do not wish to deprecate the art of concentration, but 
after all is said and done, with this class of ore the most perfect 
concentration scheme would only be a relief not a cure. Water 
concentration means losses in values, extra risks, experiments, 
a trained crew, and a considerable outlay of capital. Custom 
plants may overcome some of these objections, but in doing so 
may possibly introduce other equally tedious elements, besides, 
after this is all completed the zine concentrates have not been 
disposed of and we still have them on our hands, providing of 
course that they were saved at all. 


9. Where the ore is of the crypto-crystalline type and not 
amenable to any known process of concentration, or separation 
there is no hope for success except by smelting. 
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10. In my opinion the real solution. of the above vexed 
question of treating badly mixed silver, lead, zine and iron ores. 
will not come until electro-thermic smelting has been made a 
success. 

Eilectro-thermic Smelting.—This will depend very much on 
experiments which are now being carried on by Mr. Woolsey 
McAlpine Johnson of Hartford,Conn. Mr.Johnson stands to-day 
at the head of the metallurgical profession in dealing with the 
treatment of zinciferous ores by means of electro-thermic smelt- 
ing and has accomplished what is expected to become of real 
value to all zinc miners. He has already made a success with a 
one-ton furnace, and is now perfecting a ten-ton plant. The 
Federal Government, Department of Mines, is much interested 
in his achievements, and I understand that an arrangement 
with regard to the use of Mr. Johnson’s patents has been con- 
sumated. I know that the mining fraternity in British Columbia 
would be pleased to have this confirmed. We are all aware that 
zine mines and prospects are scattered over the entire province, 
and in need of better methods for economic treatment, and we 
would welcome Mr. Johnson here if he succeeds in solving the 
above problem. Northern British Columbia not only offers an 
exceptionally large field for metallurgical operations, but, as I 
shall point out in the following, can furnish cheap hydro-electric 
power which undoubtedly is the first principal to be considered 
in establishing any kind of electro-thermic works. Several 
excellent sites on water and rail are obtainable near Prince 
Rupert. 


PART III. SMELTING. 
CONTINUOUS COPPER SMELTING AND CONVERTING PROCESS. 


Pyritic Smelting.—A noteworthy feature in connection with 
at least several of the larger ore bodies that have been discovered 
and developed in and about Observatory Inlet and Alice Arm is, 
that they are amenable to pyritic smelting. By this, in a general 
way, is meant a fusion process in which, so far as possible, sul- 
phuretted constituents of the ore are utilized as fuel and slag- 
forming material, besides serving as a collector for copper, gold, 
silver, etc. A high percentage of sulphur and iron in the ore is 
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essential, but there are also many other conditions required for 
the successful operation of this process, which on this account, 
has not always proved a commercial success. The Anyox 
smelter has now passed the experimental stage. By drawing 
and mixing ores from two large bodies in the mine a suitable 
smelting charge is obtained, and only 5% coke to ore is used in 
the three 50 by 360 inches blast furnaces to produce a matte 
averaging between 16 and 17% copper. 
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Meiallurgical Success —This is a great achievement. It is 
almost the realization of the metallurgists’ dream of thirty years, 
and,while Anyox is not the only place in the world where pyritic 
smelting is practised successfully, it is probably the largest 
plant of its kind, and one of the few where the combination of 
all economic conditions has been taken advantage of from the 
very beginning, to insure a commercial as well as a metallurgical 
success. A lucid description of the Granby Company smelters, 
written by Dr. A. W. G. Wilson, Chief of the Metal Mines 
Division, Ottawa, is published by the Department of Maines, 
and will be found of much interest. 


Bessemerizing Copper Matte.—After pyritic smelting the 
next operation is bessemerizing the 16% copper matte. This 
process is in reality an evolution of the method employed in 
bessemerizing steel, and is carried out by charging the matte, 
while still in a molten condition, directly into three huge speci- 
ally designed cylindrical tilting furnaces called converters. 


Copper Converters.*—The steel shell of the converter is pro- 
tected on the inside with a thick lining of crushed quartz and 
clay. An air blast under 12 lbs. pressure is introduced through 
one of the converter trunnions and after repeated blowing and 
tilting of the converter the sulphur and iron contained in the 
matte becomes oxidized. While the bulk of the sulphur passes 
off, into a flue just above the throat of the converter, as sulphur 
dioxide, the iron changes into ferrous oxide, and combines with 
the silica contained in the acid lining of the converter. In doing 
so it forms a basic slag, and by tipping the converter this slag 
is poured off into pots, thereby leaving a fairly pure cuprous 


*The copper smelter at Anyox uses basic-lined converters of the Great 
Falls type. The lining is magnesite brick. Silica is supplied by charging 
silicious ores or quartz into the converter. 

fay W. G. W. 
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sulphide (white metal) in the vessel. The last stage of the 
converting process now takes place by resuming the blowing 
until the remaining sulphur is burned off. If this is skilfully 
carried out only metallic copper with one or two percent. of im- 
purtities, plus the precious metals will remain in the bottom of the 
converter. The charge is now ready to be drawn and cast 
into ingots, which is accomplished by means of mechanically 
operated casting machines. 


Low Cost of Production.—On account of the reduced fuel bill 
and cheap hydro-electric power generated at Falls Creek, to- 
gether with low mining costs and efficient plant, the Granby 
Company is able to produce copper at a price just a little lower 
than anyone else. It is estimated that during this year copper 
will be produced at Anyox and delivered in New York for Tic 
per lb. Prince Rupert is particularly fortunate in having a 
company of this calibre to pioneer this important copper camp 
of your district. 


Blister Copper.—During the process the liquid copper dis- 
solves a certain amount of the sulphur dioxide, which escapes 
while the metal is cooling in the moulds. This escaping gas 
leaves a blister-like surface on the ingots, and for this reason 
copper at this stage of bessemerizing is known in the trade as 
blister copper; it will assay from 984 to 99% pure. 


Products for Refining.—The annual production of blister 
copper and matte in British Columbia amounted during 1914, to 
approximately 28,420,000 Ibs., and was made at the four smelters, 
Trail, Grand Forks, Greenwood and Anyox, of which 48% was 
contributed by Anyox. From the above it will be seen that the 
present output of copper available for refining in British Columbia 
is approximately 29,000,000 Ibs. per annum. In addition, 
British Columbia exported during 1914 approximately 800,000 
Ibs. of copper contained in raw ores from Texada Island, and 
12,000,000 lbs. contained in concentrates produced at the Bri- 
tannia mine, near Vancouver, all of which was shipped to smelters 
in the United States. There are no physical reasons why Texada 
ores and Britannia concentrates could not be smelted, or other- 
wise treated in British Columbia, and no doubt arrangement 
will be made before long to establish suitable reduction works 
at the Britannia mine. I estimate that the production for next 
year will be at least 36,520,000 lbs., which is equal to an increase 
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of 25%, or 50 tons of refined copper per day. This tonnage 
might therefore be taken as a basis for establishing an electro- 
lytic refinery in Prince Rupert, capable of handling the entire 
British Columbia output, and would correspond closely to the 
present imports of manufactured and crude copper, which in 
1913 amounted to 41,011,961 lbs., and in 1914 to 28,280,812 Ibs. 


Distribution.—Blister copper from all inland smelters must 
eventually gravitate to the coast—hbe it the Atlantic or Pacific. 
This very fact shows clearly the important position of Prince 
Rupert, situate as it is on tidewater, within a few hours of Anyox, 
and able to deliver the refined metal to European markets via 
the Panama Canal, at the same time permitting shipments 
by rail direct to industrial centres in the East, where it can be 
manufactured into various forms for home consumption. 


With regard to the production and refining of copper in 
eastern Canada the situation is quite different, as nearly all of 
it is smelted in conjunction with associated nickel ores. The 
bessemer matte thus produced requires special treatment and 
refining similar, but not the same, as the British Columbia 
blister copper. At the present time this matte is forwarded to 
Great Britain and the United States for separation and refining 
by electrolytic methods, but the prospects for home refining 
seem fair, and a suitable site for the erection of such works will 
no doubt be selected in Ontario ere long. 


PART IV. COPPER REFINING 


Fire vs. Electrolysis.—The art of copper refining may be 
broadly divided into two methods—tfurnace refining, and elec- 
trolytic refining. The first method is founded on the scorify- 
ing effect of cuprous oxide upon the base metals contained in a 
bath of molten copper. It is carried out in a reverberatory 
furnace by extraneous fuel whereby the crude copper ingots are 
melted and air blown into the bath. Cuprous oxide rapidly 
forms and dissolves in the bath. The blast must be under perfect 
control in order that it may be stopped just before the point of 
saturation. In this way oxygen is carried to all parts of the 
molten bath, and when there are any metals present which are 
more easily oxidized than copper, the cuprous oxide is reduced 
back to copper, and the oxides of the impurities are formed. 
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If these oxides are not soluble in the molten copper they will 
rise to the surface and may be removed by skimming and elim- 
inated as a dross. In practice this purification can only be 
carried to a certain point, and where the blister copper is relatively 
impure, and especially where it contains values in precious 
metals exceeding $10.00 per ton, the above method is neither 
applicable nor economical. In British Columbia nine-tenths of 
all the copper produced is derived from sulphide ore-bodies of 
a more or less complex nature. Converter products resulting 
-hereform are therefore not of the same purity as blister copper 
produced from native copper deposits as found in the Lake 
Superior and Michigan districts, and fire refining will not easily 
eliminate the last twenty or thirty pounds of impurities such as 
sulphur, arsenic, antimony, bismuth, etc., contained in a ton of 
crude copper. 

Conductivity of Copper.—Should these remain the conductiv- 
ity as well as ductility of the copper becomes seriously impaired, 
and conseguently less valuable. For instance, if one-third of 
one per cent of arsenic or antimony. remains in the finished 
product its conductivity, or in other words, its capacity for 
transmitting electric energy is reduced by one-half, and refining 
by the second method, viz:—electrolysis, becomes essential. 

Electrolytic Refining.—The process of refining copper by the 
electrolytic method may briefly be described as ordinary copper 
electro-plating on a large scale where the impure metal is used 
as an anode, and the pure copper as a cathode in a solution of 
acidified copper sulphate, called the electrolyte. Approxi- 
mately 75% of the electrolyte is water, 15% to 20% sulphate 
of copper (blue stone) and from 5% to 6% sulphuric acid. These 
proportions vary according to conditions, but in all cases the 
solution is kept at an even temperature of about 70° F. to prevent 
crystallization. An electric current is constantly passed through 
the electrolyte with the result that the impure copper anode, 
which represents the positive pole, is dissolved and chemically 
pure copper deposited on the cathode, representing the negative 
pole, while the impurities, consisting of practically all the arsenic, 
antimony, bismuth, lead, tin, nickel, etc., are dissolved or thrown 
down together with the insoluble precious metals, as a black 
residue. This residue, known as silver mud, is afterwards collected 
‘in the bottom of the tank and treated independently, either on 
_ the premises or at the Federal Assay Office as the case may be. 
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Anodes.—On arrival at the refinery the crude copper is 
usually given a preliminary furnace refining, and cast into anodes, 
unless this has already been done at the copper smelter, as it 
sometimes is. The anodes are generally 2 feet wide, 3 feet long, 
and 1 inch thick, and rarely weigh more than 300 lbs. The 
actual refining is carried out in wooden tanks about 8 feet long, 
preferably grouped in units. In a plant capable of refining 37 
to 40,000,000 Ibs. of copper per year or 50 tons per twenty-four 
hours, several hundred tanks would be required. Their number 
depends on the system used, also on the size of anodes. In the 
‘multiple’ system of refining the tanks require to be lined on 
the inside with sheet lead, while in the “‘series’’ system asphait and 
cement, or other non-conducting material will answer the purpose. 
It is not the intention here to enter into the merits of the diverse 
methods of refining, or to furnish a description of a 50 ton plant. 
An outline of one of the largest refineries in America will convey 
a general idea. 


Anaconda Refinery.—In 1895 the Anaconda Copper Mining 
Company, of Butte, Montana, completed the first copper re- 
finery in the west. The late Marcus Daly, then Copper King of 
Montana, realized that he was paying the Baltimore Copper 
Refinery Company too much for refining his blister copper, and, 
after spending a million dollars or so in building an up-to-date 
refinery with a daily output of 150 tons of electrolytic copper, 
he succeeded in securing a substantial reduction. I was on the 
engineering staff of the Anaconda Company at the time. The 
multiple system of refining was introduced. In this the electrodes 
are alternately arranged so that a positive anode is connected with 
a negative cathode and suspended in the tanks with a clearance 
of about one inch. The cathode on which the refined copper is 
deposited consists of a thin sheet of pure copper. The electric 
current leading from the shunt-wound dynamo is conducted by 
means of pure copper bars. The time required to replace anodes 
is about six weeks. During the operation it is necessary to keep 
the electrolyte in constant circulation. Compressed air is used 
to advantage in this respect. Where the cost of labour is high 
it is necessary to reduce the expense of manual labour, and place 
electric travelling cranes of five tons capacity overhead in the 
building in such a manner that whole tank loads of anodes and 
cathodes can be lifted at one time. 
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Final Melting of Cathodes——When the heavy deposited 
cathodes are ready for final melting into commercial copper 
ingots they are charged into a 50 ton reverberatory refining 
furnace similar in construction to the furnace used in the pre- 
liminary refining of blister copper and anode making. The 
process is known as “‘poling’’ and skilful handling is necessary, 
as the copper at this stage is apt to pick up impurities from out- 
side sources, for instance, sulphur from the fuel, or iron from the 
rabbles. When this operation has been carried to just the right 
point the metal, now known as “tough pitch” has an even in- 
stead of a slightly depressed surface. Its fracture shows a 
fine texture of silky lustre and beautiful reddish hue, and will 
assay as high as 99.95% pure, and comply with all standard 
tests on conductivity. The process is completed by ladling the 
copper into moulds forming ingots which can be shipped to any 
part of the world to be drawn into wire or rolled into plates. 


Purifying the Electrolyte-——The electrolyte must be kept in 
good condition, otherwise it will have a bad effect on the deposited 
copper besides increasing the resistance of the bath. When the 
solution becomes too impure it can be recrystallized in a separate 
plant for further use. This plant may be an adjunct to the refinery 
if local conditions, markets for bluestone, etc., are favourable. 


Sulphuric Acid.—Victoria, B.C. manufactures 95% sulphuric 
acid from sulphur imported from Japan, which can be delivered 
in Prince Rupert at a cost of $25.00 per ton, but this is not 
the only source of supply. Should a market for sulphuric acid 
develop in northern British Columbia, raw material in the form 
of iron sulphides of excellent quality exist in large quantities in 
Hidden Creek Mine, Observatory Inlet, also on the Ecstall 
River, 35 miles south of Fort Essington, in the immediate vicinity 
of Prince Rupert. Reference hereto has been made by Dr. A. 
W. G. Wilson in his memoir No. 167, pages 85-86, dealing with 
pyrites in Canada. By taking the above conditions into con- 
sideration I believe that strong sulphuric acid can be profitably 
manufactured in this district and delivered at the proposed re- 
finery for $15.00 per ton. Even this figure may be materially 
_ reduced if the Hall process for desulphurizing ores for the Regie 2! 
of sulphur should prove a commercial success. 


Fuel Oil.—Fuel oil with a gravity test of 70° Baume is sold 
in Prince Rupert by the Imperial Oil Co., Ltd., for 33c per imp. 
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gallon, or approximately $1.25 per bbl. This company has re- 
cently spent one-quarter million dollars on the erection of a 
wharf, and several large storage tanks, adjacent to the Grand 
Trunk Pacific dry dock. The capacity of the two tanks set 
aside for storing the above grade of oil is 4,500,000 gallons. Fuel 
oil is used exclusively for the locomotives and steamboats owned 
by the Grand Trunk Pacific Ry. Co. This company, on account 
of its large consumption has a special rate, considerably below 
the above price, and should therefore be able to generate power 
at a very low figure. The oil is remarkably free of sulphur. 


Coal.—The price of coal per long ton delivered in barge 
loads at Prince Rupert will range from $5.25 to $5.75 for lump 
coal, $4.75 for nut size, $38.75 for pea, and $2.00 for slack. The 
last item is worthy of special attention, as the latest practice 
in reverberatory furnace work is to use coal dust, or slack mixed 
with the ore charge in place of burning coal grates as formerly. 
The above figures on coal are based on transportation from 
Vancouver Island in barges at 75c per long ton. 


Water Powers.—A very important feature in connection 
with the selection of a refinery site is the question of cheap 
power, generated by water, and in this respect Prince Rupert 
is well provided. Through my professional connection with the 
Prince Rupert Hydro-Electric Co. it has been my privilege to 
investigate this matter, and by their permission I am able to 
state authoritatively that there are at least six practical sources 
of water power within 50 miles of this city, which, if harnessed, 
would aggregate 108,866 h.p. as follows:— 


Approx. 

Length Cost 

Drainage of Trans. of Dam 

Location. Lie Reg Sa Area Line’ _— per H.P. 
BM batada hivers: us, 30,686 60sq.Mi. 44 Mi. $16.00 
2. Brown & wick. Lakes 28,150- 60“ t" = 4G 13.50 
Sook Te SOLES C7 seer aan BABA OQ aaa oes 12.65 
ARON Baye 6 8 pee ON Sok tae Barth 4 7.95 
5. Thulme River...... j Be 8a | Seis are a PA ies 11.16 
6. Georgetown........ A 0s ne tae C" 17.34 

Ota Ts. nes" saree 108,864 


All of these powers have been carefully surveyed, and the topo- 
graphy plotted. Their storage capacity, drainage area, water- 
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sheds and run-ofis have all been observed and tabulated. Large 
sums of money have been expended for several years in securing 
the necessary engineering data to base calculations on, and the 
magnitude of the task will be appreciated more fully when con- 
sidering the primary nature of the work in a “terra incognita.”’ 
There are several unique features peculiar to this coast; the 
copious and uniformly distributed annual precipitation, the mild 
- climatic conditions, with open harbours all the year round, as 
well as the melting glaciers and snowfields, that are constantly 
contributing to the annual run-offs, are a few of the character- 
istics. 

City Power Plant.—The city of Prince Rupert, at a cost of 
$543,200.00 has, within the last year, completed a very efficient 
hydro-electric power plant at Woodworth Lake, five miles from 
the city. 

Special Rate on Power.—This plant is designed to develop 
3600 h.p. At the present time there is a surplus of 1000 h.p., 
which, I believe, after making careful enquiries, could be obtained 
for electrolytic copper refining purposes at a special rate of one- 
half of one cent per kilowatt hour, i.e., ona load factor of 100 per cent. 
A twenty-four hour service without interruption is an essential 
feature of the refining process. That one-half cent per k.w.h. 
on a load factor of 100% is a very low rate and practically re- 
presents cost, will be appreciated more fully when expressed in 
dollars per electrical h.p. per year, viz:—$32.67. 

Attention is called to the fact that unless special mention is 
made the yearly rates stipulated by most municipalities and 
companies are universally based on 85% or 40% load factors, 
which means thatan§8 or 9 hour shift constitutesaday. This would 
be out of the question in metallurgical work of the above kind. If 
a co-efficient of 40% is substituted in the Prince Rupert rate, 
for the purpose of comparison, it can readily be figured that the 
quotation in reality equals an annual rate of $13.00 per e.h.p. 
‘There are not may places in Canada where better terms for power 
ean. be obtained, especially when remembering that this power is 
‘available now and could, if necessary, be doubled and trebled by 
adding another unit, for the specific purpose of copper refining 
or electro-thermic smelting of zinciferous ores, as has been 
‘mentioned in the second part of this report. When I was in 
Anaconda it cost seven times as much to generate power from an 
inferior lignite coal mined at Belt, Montana. 
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Power Required.—The electrical energy required in refining 
one pound of copper by electrolysis depends largely on the current 
density used, that is to say, the number of amperes that will 
pass for each square foot of cathode surface. Where power is 
cheap and the anodes comparatively free from such impurities 
as bismuth, antimony, arsenic, etc., a high current density may 
be employed to advantage. In the absence of a complete 
analysis of the Granby blister copper and other important data 
appertaining to the choice of system it will be advisable to make 
a fair allowance for power. I estimate that a consumption of 
0.2222 h.p. hours for each pound of copper dissolved and refined 
would be a liberal factor to base calculations on; 0.154 h.p. hour 
is the theoretical co-efficient. Following this out we find that 
the thousand h.p. now available in Prince Rupert will be suf- 
ficient to take care of 108,000 lbs per 24 hours, or nearly 40,000,000 
Ibs. per annum, which is 11,500,000 lbs. more than all the copper 
smelted and exported from British Columbia during 1914; and 
equal to the approximate tonnage of manufactured copper re- 
imported into Canada in various forms for local consumption. 

Copper Exports.—In other words, practically the entire 
copper output of Canada, amounting, in round figures, to 
75,000,000 Ibs. per annum, is shipped abroad to be refined, 
smelted, or otherwise treated, and approximately one-half is. 
returned to Canada and finds its way back through various 
channels of industry and art. Statistics show that about one- 
half of the total Canadian copper is produced in Ontario and the 
other half in British Columbia. Two refineries—one in the east, 
and one in the west—each with a capacity of 50 tons per day 
would therefore be able to take care of the entire Canadian pro- 
duction of copper-nickel matte and blister copper, and should be 
built in units to suit the future increase. I have already men- 
tioned that the methods of refining the two products differ 
sufficiently to require separate treatment. While the subject 
of home refining is of vast importance to the British Empire its 
nature is so complex that it reaches beyond the power of indi- 
vidual companies or even Provincial Governments to under- 
take the adjustment. It affects many channels of trade and 
commerce that cannot be diverted by ordinary means, and 
requires extraordinary conditions, like the present European 
conflict, for all parties to realize the necessity of retaining the 
resources of Canada within the Empire. It is a question in 
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which the Imperial, the Federal, and the Provincial Governments 
are equally interested and their assistance is needed as much as 
the co-operation of the mining, smelting and transportation 
companies. 

The Lead Bounty.—From a British Columbia standpoint 
the subject is not anew one. Twelve years ago the lead producers 
of this province were confronted with similar conditions. As 
the chairman of the British Columbia Silver-Lead Association 
at that time, and one of the writers calling the attention of the 
Dominion Government to our peculiar strait, I can speak with 
authority on the subject. For years we were obliged to ship 
our high-grade silver-lead ores to the United States, and pay a 
duty on same, because we had no lead refineries in Canada. 
Our friends in the transportation business have always cherished 
the “long haul’ as it means one-half cent per pound going, and 
at least one cent per pound coming back as a finished product. 
To offset the American duty on lead ores the Dominion Govern- 
ment in 1908 granted a five years bounty of 75c per 100 lbs. of 
lead ($15.00 per ton), to the Canadian miner direct, providing 
the ores were mined and smelted in Canada. This Act, which 
was afterwards renewed for a further period of five years, saved 
the silver-lead mining industry in British Columbia. It also 
stimulated other industries, especially zinc mining. The Con- 
solidated Mining and Smelting Co., Ltd., a strong Canadian 
concern at once established an electrolytic lead refinery in con- 
junction with their smeltery at Trail, B.C. and have ever since 
been able, not only to smelt and refine all the lead ores of the 
Kootenays, but also to recover new by-products such as antimony 
and sulphate of copper in addition to the precious metals derived 
from the argentiferous galena. History is now repeating itself, 
and while there are features peculiar to the copper business that 
differ from those of lead, we know that it is within the power of 
the Government to introduce measures that will develop and 
benefit the industry without being drastic in their effect. 

Refinery Sites—Hlectrolytic copper refining plants can be 
located in the centre of a large city without inconveniencing the 
population any more than would a factory or nickel plating 
works, as there are no fumes or obnoxious gases expelled in the 
process which cannot be taken care of by the exercise of ordinary 
precautions. In this respect a refinery differs materially from 
a smelting plant. In Prince Rupert there are several excellent 
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sites within the city limits well suited for locating a refinery 
so that it can be reached by water as well as rail. Both the 
Provincial and the Dominion Governments own water front 
lots here, but these cannot be compared with a possible site at 
the G. T. P. dry dock, as this establishment is fully equipped with 
docks, tracks, machine shops, boiler shops, foundries, electric 
power, compressed air, 2 modern steam plant and power house, 
huge cranes, derricks, etc., as well as tools of every possible 
kind, and now ready to engage in business. To build and com- 
plete a refinery at this place would take less than six months time. 
The total area covered by the dry dock is 22 acres, of this approx- 
imately five acres in the southwest corner are not occupied at 
present. I estimate that one-half of this space would be sufficient 
to accomodate a 50-ton refinery, and answer the purpose ad- 
mirably. I have good reasons for believing that satisfactory 
arrangements can be made with the Grand Trunk Pacific Ry. 
Co. to lease this site at a nominal rental, and I am firmly convinced 
that there is none better to be obtained within the Dominion. 
No serious difficulties should be encountered in concluding 
amicable arrangements, since the Federal Government is finan- 
cially interested in the dry dock enterprise, and the railroad 
company on their part are anxious to develop any and all new 
industries in Northern British Columbia, especially those of such 
vital importance as mining, smelting, and refining. 


Cost of Labour.—This treatise would not be complete with- 
out making mention of the labour market at this coast, and the 
standard wages paid. I can hardly do better than quote the 
prevailing wages paid at the dry dock, viz:— © 


Skilled labour, carpenter, machinist, ete... 45c¢ per hour. 
PEGs ICM hire ace ae oe ee ree ee AQe per hour. 
PSEC AROLIT 4 ure aoe, outro ona 383sc per hour. 


Plenty of labor can always be secured in Prince Rupert, and 
generally the conditions and living expenses are very much the 
same here as in the large cities to the south. 


Refinery Construction.—A good quality of timber, such as 
the native Douglas Fir, would answer very well in the construc- 
tion of a refinery. Sulphuric acid fumes from the electrolyte 
have a tendency to destroy steel structures, and the entire plant 
including refining tanks, should therefore be built of wood. For 
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this reason no time need be lost in waiting for building material 
in Prince Rupert. 


Cosi of a 50-ton Refinery.—I estimate the total cost of erect- 
ing a 50-ton refining plant complete in Prince Rupert, accord- 
ing to the above description at $250,000. This includes the 
following principal items:— 

1. All buildings, foundations and tanks for refining. 

2. Auxiliary plant for making anodes, melting scrap and 

casting ingots. 

. Dynamos for depositing copper electrolytically. 
Rotary converters for transforming city current. 
All the necessary copper bars and plates for conductors. 
Complete circulating apparatus for electrolyte. 
. Electric travelling cranes and track for refining building, etc. 


aoa oS 


In the above estimate I have excluded the generating plant 
for electric power, as I am recommending to make use of the 
1000 electric h.p. now available at the city hydro-electric plant, 
as mentioned on page 127. Nor have I calculated on a separate 
refining and parting plant for the silver residues, as I believe that 
the Federal Assay Office could handle the precious metals and 
by-products to better advantage.* This would increase their 
daily output of gold and silver at least $1000.00, but certain 
additions to the present equipment require to be made. 


Cost of Refining Per Ton.—As to the net cost of refining 
50 tons of blister copper per day in Prince Rupert by electro- 
lysis (multiple system) I have compiled as much data as possible 
since the matter was submitted to me and estimate that it can be 
done for $600.60 per day or $12.00 per ton of copper refined. 
This is based on electric power at one-half cent per k.w. hour 
for continuous service, and allowing for a daily consumption of 
1060 electric h.p., also for a 10% depreciation on the entire 
equipment plus interest on capital invested in buildings, and 
stock of copper locked up, at 6% per annum. ‘The extra cost 
of treating residues is approximately $1.00 per ton. ‘The freight 
rate on the refined copper to eastern points will be about $12.00 
per ton. 


*The Federal Assay Office at Vancouver is not equipped to handle the 
by-products produced by a copper refinery and could not accommodate a 
refiining plant at its present location. 3 

mean ‘ : A.W.G.W. 


The principal reasons why Prince Rupert is the natural 
centre for copper refining on the Pacific coast: 


In submitting this report for your consideration I desire to 
express my appreciation to Mr. F. S. Wright—your Commissioner 
—also Messrs Wm. T. Donnelly and C. N. Crowell of the Dry 
Dock and Mr. Albert Davidson, General Agent, G.T.P. Ry., 
for courtesies shown. 


Prince Rupert, B.C., Consulting Mining Engineer, 
June 8rd, 1915. Member Can. Mg. Inst. 


. Geographical centre and gate-way to richest mining 


. Transcontinental railway terminus. 
. Prominent Pacific seaport. 
. Unexcelled harbour and dry dock facilities. 


. Low cost of hydro-electric power—now available. 

. America’s largest pyritic smelter within 100 miles. 

. Labour of all kinds plentiful. 

. Fuel of all kinds obtainable at low cost. 

. Building material, lumber, etc., convenient and cheap. 

. Sulphide ores for acid manufacture plentiful in vicinity. 

. Distributing depot for fuel oil in northern B.C. 

. Mild climatic conditions all the year round. 

. Healthy surroundings and normal living expenses. 

. Six months would complete a 50-ton plant, everything 
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RECAPITULATION. 


section of B.C. 


Most conveniently situated building site in Canada. 


necessary being at hand. 


ALFRED C. GARDE, B.Sc., 


, = = = w 
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SECTION VIII. 
MEDICINE HAT, ALBERTA; AND FIELD, B.C. 


1. MEDICINE HAT. 


NOTES WITH REGARD TO THE POSSIBILITY OF LOCATING A ZINC 
SMELTER IN THIS DISTRICT. 


Medicine Hat, was, visited about the 4th April and infor- 
mation was received with regard to the supply of natural gas 
and other fuel. The following memoranda were obtained: 


2. COAL AND NATURAL GAS AT MEDICINE HAT. 


COAL 


Deposits of coal are to be found in many localities in the 
neighbourhood of Medicine Hat, but the only two places where 
coal is mined in commercial quantities in the immediate neigh- 
bourhood are at the Ansley Coal Mine and at Redcliff. 


The Ansley Coal Mine is situated about six miles west of 
the city in portions of Sec. 5, Tp. 18, Range 6; Sec. 6, Tp. 18, 
Range 6; Sec. 1, Tp. 18, Range 7 and Sec 82, Tp. 12, Range 6, 
all west of the 4th Meridian. There are two seams of coal in 
this district; one 4% feet thick at a depth of 190 feet below the 
surface and one 63 feet thick at 250 feet below the surface. Ac- 
cording to analyses made by various authorities, this is good 
quality lignite coal. There is no Government report on the 
Ansley mine, but analytical reports made on this coal by several 
independent sources give the following results:— 


Volatile Fixed 
Moisture Matter Carbon Ash Sulphur 
513% 386.5% 52.97, BWA 


This coal has been used with success for various purposes 
in this city, and has been used extensively in Calgary and in 
many of the smaller towns along the line. The mine is in good 
condition, and, up to the present, no gas has been encountered. — 
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NATURAL GAS. 


The gas area exploited extends from Bassano, ninety-five 
miles west of Medicine Hat to Dunmore, nine miles east. The 
flow at Dunmore is the same as at Medicine Hat, so that it is 
probable that the field extends a considerable distance beyond that 
point. Large flows have also been found at Bow Island. The 
northern limit has not been defined as drilling has only been 
done close to the city. Medicine Hat gas is found at three 
different depths. The first is at 125 feet and this gas is damp; 
the second is at 625 feet and this gas also carries 2 little moisture, 
but at one time, was used as source of supply. The pressure of 
this gas is about 250 Ibs. per square inch. The city is now 
supplied with gas from a depth of 950 feet to 1050 feet, and the 
wells drilled to this strata have a capacity from 2,500,000 cubic 
feet to 4,000,000 cubic feet per 24 hours. The rock pressure 
at this depth is about 585 lbs per square inch, and the gas con- 
tains no moisture. The cost of drilling one of these wells is 
about $10,000. Medicine Hat has been using gas for about 
14 years. 


The analysis of the gas is as follows:— 


RSP VES 5c cae te En age Sa ERRNO A eH Nai 99.49% 
Aa Aight 1125 6 aM et eae Sarat neh RAT aS ai fs OLS 
Aas 0c) 1 igi saa SCE oh ORG Wa ts! OREN SP AL eh a trace. 
BT perce Oats 276 ae eo eee 1100 


During the year 1913, the domestic consumption amounted 
to 750,000,000 cubie feet, while the industrial consumption 
was about 900,000,000 cubic feat extra. The gas is sold for 
domestic purposes at the rate of 184¢ per 1,000 cubic feet and for 
industrial consumption at 5c per 1,000 cubic feet. 

For distribution throughout the city, the gas is first passed 
through a high pressure and then through a low pressure regulat- 
ing station. The gas, on coming from the wells, passes through 
a high pressure regulating station where the pressure is reduced 
to about 40 lbs., and mains run through the city carrying gas at 
this pressure on which are located low pressure regulating stations 
which again reduce the pressure to about 6 ozs. at which pressure 
it is distributed through low pressure mains to the consumer. 
For manufacturers, regulators are installed to give whatever 
pressure may be required for the particular purposes to which 

it is applied. 
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3. THE MONARCH ZINC MINE, FIELD, B.C. 


Correspondence was laid before the Commission with respect 
to this mine, showing that it contained a large amount of zinc 
ore of fairly high-grade, and that it was very desirable that a 
zine smelter of the Belgian type should be erected in some part 
of Canada for the treatment of this ore. 


The following letters were received :— 


Jely 17th, 1915. 
Letter from H. H. Stevens, M.P. to Col. D. Carnegie, enclos- 
ing the following letter:— 


June 18th, 1915. 

Letter from W. Gray, Managing Director of the Great 
Western Mines Development Company, Limited, to H. H. 
Stevens giving the conditions of the Monarch Mine. He states 
there are 200 tons of zinc concentrates ready for shipment and 
20,000 tons of 24% zinc ore awaiting treatment. No market 
ean be found for this. It was considered that the Government 
should aid in the establishment of a zinc smeltery in Canada. 
(This letter is appended in full.) 


June 18th, 1915. 

Letter from N. W. Kmmens, General Superintendent of 
Monarch Mine to W. Gray with regard to the mine. He states 
the mine contains a large body of ore assaying 32% to 51.6% 
of zinc, but so high in lime that it cannot be shipped without 
concentration. The concentrates produced contain 46.7% zinc, 
4.5% lead, 4.16% lime. They could produce regularly 300 
tons of these concentrates per month with a minimum content of 
45% of zinc. Mentions Medicine Hat as a site for a zine smelter. 
Asks for Government aid in starting this by embargo on exporta- 
tion of ores, bonus on zinc, or contract for output at fixed price. 
Suggests importing Belgian refugee workmen. Gives price 
paid for Canadian ore by American smelters, and freight and 
duty charges involved in shipping to the States. 


July 14th, 1915. | 
Letter from N. W. Emmens to R. F. Green, Victoria, B.C., 

refers to the treatment of zine ores in Canada. Oklahoma zinc 

‘smelters contemplate immediate extension of smelting capacity. 
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Wish to secure ores in British Columbia making permanent 
contract. Board of Trade in Medicine Hat would aid in establish- 
ment of a smelter at that point. Exportation of ores to Great 
Britain unprofitable. 


June 8rd, 1915. 


Letter from W. H. MacDonald, of Medicine Hat, to Col. 
David Carnegie referring to possibility of locating zine smelter 
at Medicine Hat. Electric power supplied by city at one cent 
per k.w.h., and gas at one cent per 1,000 cubic feet. Refers to 
Emmens’ letter. 


May 18th, 1915. 


Letter from N.W. Emmens to Medicine Hat Board of Trade, 
advocates the production of zinc in Canada by the ordinary 
ore Belgian process. States that 10,000 tons per annum of 45% 
zine ore is the minimum requirement of such a plant. The 
Monarch Mine could supply 4,000 tons per annum. Suggests 
Medicine Hat as a favourable location. Cost of plant and 
working capital would be $200,000. Speaks of marketing the 
zinc in Canada and Great Britain. 


W. Gray, Managing Director, 
Great Western Mines Development Company, Ltd., 
1417 Dominion Building, 
Vancouver, B.C., 18th June, 1915. 
H. H. Stevens, Esq., M.P., 
City. 
Dear Mr. Stevens:— 

Referring to my telephone conversation with you the other day, regarding 
zine, I beg to give you the following particulars:— 

There are on the siding at Field, B.C., ready for shipment, 200 tons zine 
concentrates for which we have been unable to find a market, as the smelters 
in the United States are smelting to capacity. 

There has been mined 20,000 tons of zinc ore assaying 24%, which is lying 
on the ground ready for treatment in the plant which stands on the property. 

The plant alone cost $55,000 and an equal amount has been spent in getting 
the ore out. 

As you are aware there is no zine smelter in Canada, although 
a commission was appointed to investigate zinc ores in British Columbia by 
the Dominion Government some years ago. I need hardly say that the want 
of a smelter is a matter very gravely affecting the zinc ore industry of British 
Columbia generally, the American smelters naturally favouring their own 
mines before those of a foreign country. 

Some weeks ago Col. Carnegie, when in Vancouver made the statement 
that the Imperial Government was somewhat concerned over the fact that no 
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metallic zinc was produced in Canada, and in event of the United States 
becoming involved in the war, it might seriously hamper the supply of metallic 
zine so necessary to the Allies. 

Statistics show that over $1,000,000 of metallic zine, and nearly $1,500,000 
of galvanised iron is imported by Canada, the bulk of which comes from the 
United States. 

I believe that if the Dominion Government were satisfied that a zine 
smeltery would be established for the treatment of Canadian ores, that they 
would be willing to subsidize such a works for the first few years, either by 
payment of a bounty on all zinc produced from Canadian ores by such works, 
or by the establishment of an import duty on galvanized iron and other zinc 
manufactures. 

Surely after expending money and energy to develop the province there 
must be some way of disposing of the product. 


Trusting to have your assistance in this matter, 
I am, yours very sincerely, 
WM. GRAY, 
Managing Director. 


138 


SECTION IX. EASTERN CANADA 


1. LETTER OF MAY 17th, 1915, FROM MR. J. E. McALLIS-— 
TER, 15 KING ST. WEST, TORONTO, TO COL. DAVID 
CARNEGIE, GIVING ANSWERS TO A NUMBER 
OF QUESTIONS ON THE REFINING OF | 

COPPER IN CANADA. | 


Mr. McAllister states that he was for many years engaged | 
in mining and smelting. He was for a time general manager of — 
one of the large copper companies of British Columbia,* and the 


refining of blister copper was frequently under his consideration, 
to supplement operations involving the mining and smelting of 
half a million tons of ore per annum to yield 18 lbs. of copper 
per ton. 


The questions and answers follow:— 


312 Have you considered the question of refining blister 


copper in Canada, and what are your conclusions? 
Do you favour refining in Canada? If so, why? If 
not, why not? | 
A. The total Canadian production of copper in 1914 amounted 
to 37,500 tons, of which 14,500 tons was in combination 
with nickel, leaving a balance of 238,000 tons. ‘This 
entire balance, providing it was turned out in the form 
of blister copper, would be hardly sufficient to commer- 
cially comprise the output of an electrolytic copper 
refinery. This operation has been carried to an ex- 
ceedingly high state of efficiency in several refineries 
near New York, and a Canadian plant would necessarily 
have to compete with these, there being no advantage 
in freight, as the blister copper shipped to the American 
refineries is 99% pure, and in any event, the railroads 
usually grant rates on metals under the term “refined 
in transit’, by which only the freight on the rejected 
impurities is lost. I have always favoured refining in 
Canada, and the present situation created by the Euro- 
pean war is sufficient evidence of the grave importance 


*British Columbia Copper Company at Greenwood. B.C. 


5.Q. 


A. 
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of producing refined electrolytic copper in the British 
Empire, but commercially it could not be accomplished 
in competition with the above mentioned refineries 
of the United States, for the reason that the output 
would be too small to form an adequate divisor in 
figuring the refining cost per pound, even if the other 
conditions mentioned in the answer to question 3, 
were favourabie. 


What location or locations would, in your opinion, be 
the most advantageous for a copper refinery and why? 
Regarding location. The first consideration would be 
cheap electric energy, next temperate climate, then 
cheap fuel and supplies, and finally satisfactory labour 
conditions. These requirements would probably best 
be met in the aggregate at Niagara Fails, but the ad- 
vantage of a refinery located upon tidewater, is obvious, 

providing the other conditions could be procured. 


What would it cost to refine copper at the point you 
consider is the best location for a refinery, and how 
would these costs be distributed among the items:— 
Interest on investment? Overhead? Power? Fuel? 
Labour? Marketing? 

The answer to this would involve an investigation of 
some magnitude. With regard to cost, it may be noted 
that the writer has in the past contracted in New Jersey 
for the refining of blister copper containing gold and 
silver, at a total charge of $13.00 per ton, with all the 
metals as determined by assay being paid for. There 
was perhaps a smail indirect profit to the refinery 
from extracting more gold than could be determined by 
assay, which would be somewhat oiiset by a loss in 
silver, so that the profit in this contract practically 
consist in the difference between the actual cost of 
refining (say from $8.00 to $10.00 per ton) and the 
charge of $13.00. 


Would you favour an amalgamation of the principal copper 
producers in British Columbia to control one central 
refining plant?. 

The amalgamation of the principal copper producers of 
Canada, as distinct from those producing copper and 
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nickel combined would be essential to the establish- 
-ment of a refining plant. 


What production of blister copper per annum would | 
be needed to support a copper refinery on a commercial 


basis? 

A minimum output of 25,000 to 30,000 tons of refined 
copper per annum would be required to support a re- 
finery on a commercial basis. 


In what way do you think that the Government could 
best assist in the establishment of a refinery? 

The Government could assist in establishing a Canadian 
refinery by subsidizing the same until its output was 
sufficiently large to admit of its operating cost reaching 
a level which would compare with the highly efficient 
operations of the modern plants in the neighbourhood of 
New York City, but at present there are not copper 
mines of sufficient size in Canada to provide such an 
output. In this connection, however, the British 
American Nickel Corporation has submitted a plan to 
the Dominion Government which will insure the re- 
quirements of the British Empire for refined nickel 
being produced in Canada, and incidental to this, an 
appreciable tonnage of refined electrolytic copper would 
be turned out at the same time. The plan, which is 
at present before the Government, is as follows:— The 
corporation has expended to date $5,750,000 of which 
$3,000,000 is in bonds bearing interest at 54%. It 
desires to expend a further $2,000,000 which expenditure 
would complete works for the first installation to produce 


| 
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3,000 tons of refined nickel and 1,500 tons of refined 


copper per annum, both being electrolytic. Ultimately 
it proposes to increase this production to 10,000 tons of 


nickel and 5,000 tons of copper per annum. The cor-— 


poration proposes that the Dominion Government 
advance this $2,000,000, for which the Government 
would receive first mortgage bonds secured by all the 
property of the company, the same ranking as a senior 
security with the present bond issue of $3,000,000. 
The corporation would in addition, deposit with the 
Government as collateral security $5,500,000 of its 
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capital stock. It has already opened up an ore supply 
of 11,000,000 tons, sufficient to maintain its operations 
for many years to come, and its entire plan of operation 
has been thoroughly investigated and proved by. tech- 
nical and commercial experts. 


2. OPINIONS OF EASTERN MANUFACTURERS WITH 
REGARD TO COPPER REFINING IN CANADA. 


/ A letter was written, about the 4th of May, 1915, to a 
number of Eastern Manufacturers in regard to the possibility of 
refining copper in Canada. The following was the form of 
letter employed :— 
Shell Committee, 
Drummond Building, 

Montreal, May 4th, 1915. 
Gentlemen :— : 

On behalf of the Commission appointed by the Minister 
of Militia to enquire into the feasibility of refining copper in 
Canada, with the object of stimulating the mining industry and 
also the manufacture of copper, which it is hoped may be refined 
1a Canada, | shall be pleased if you will inform me to what extent 
you use refined copper imported to Canada and in what form. 

I shall be glad also, to have your opinion regarding any com- 
mercial advantage likely to be derived by the manufacturers, 
from the use of copper refined in Canada, in preference to the 
use of imported copper. 

Any remarks you may make on this subject, which will 
benefit Canadian Industries, will be much appreciated. 

I am, 
Yours very truly, 
D. CARNEGIE, 
Chairman of Commission. 


The following replies were received :— 


The Northern Electric Company, Montreal. 

—_ Uses 1,000,000 Ibs. of copper wire rods per month. Most of 
the copper used in Canada is in the form of rods, sheets and tubes. 
There has not been enough demand to warrant the erection of 
rolling or tube mills in Canada, and until that is done the 
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refining of copper in Canada would be of little use. Some re-- 
fined copper is used in the form of casting ingots. : 

| 
Canadian General Electric Company, and ; 
Canadian Allis Chalmers, Limited, Montreal. 

The company uses 800 tons of refined copper annually, the 
greater part in the form of wire rods, 100 tons as finished bars and — 
sheets. Mr. Nichols does not see any commercial advantage 
to his company from the refining of copper in Canada. 


a 


Canada Wire & Cable Company, Toronto. 

Import 3,000,000 to 3,500,000 Ibs. of copper per annum 
in the form of rods. See no commercial advantage to themselves 
in having copper refined in Canada, but think this should be 
done, and that it would ultimately benefit Canadian industry. 


dle tas — mee 


Taliman Brass & Metal Company, Hamilton. 
They use 1,000,000 lbs of copper per year in their foundry. — 
Are favourable to refining copper in Canada. 


: 

James Morrison, Brass Manufaciuring Company, Toronto | 

Use 150 tons of copper per year for brass making. Consider — 

strongly that copper should be refined in Canada and occasionally 

find it a handicap to have to purchase copper from the United — 
States. 


aed 


Jenkins Bros. Limited, Montreal. 

Import about 800,000 lbs of ingot brass per annum. Think 
a copper refinery in Canada would be of advantage to Canadian — 
manuiacturers and stimulate Canadian mining industry. This — 
would place Canadian manufacturers on an equal footing with 
those in the States providing that the transportation charges — 
do not offset the saving of duty and freight from the United 
States. 


Eugene F. Phillips Electrical Works, Montreal. 

Use 12,000,000 lbs. of copper per annum in the form of — 
rods. Consider that a Canadian refinery would affect them ad- 
versely as there is not business enough to supply a rolling mill 
in Canada. They use rods of various sizes and have to get these — 
from different mills. 7 

| 


| 


i 
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Canadian Bronze, Limited, Montreal. 

Consider local consumption is not sufficient to warrant the 
establishment of a refinery, and that a small refinery could not 
compete for foreign business with the larger ones in the States. 
Such a refinery would be protected by the 74% War Duty, but 
the local consumption would not provide for the output. Re- 
taliation by the States, which is to be expected, would cause 
financial loss to the Canadian copper manufacturers. - The estab- 
lishment of a refinery, under a protective tariff, would not help 
Canadian trade, but would add greatly to the cost and restrict 


- the scope of the copper and brass industry. 


The Grand Trunk Railway System, Montreal. 
Use 850 tons of copper per annum fcr making brass, etc. 


_ Also unspecified amount of manufactured copper such as wire, 


sheet, ete. Consider it doubtful whether any advantage would 
be derived by refining copper in Canada in view of the fact that 
fuel and skilled labour are more expensive in this country than 
in the States. 


The Garth Company, Monireal. 
Use about 200 tons of ingot copper per annum. Ingot 


copper costs 1.5 to 1.75 cents per lb. more than in New York. If 


a refinery company was started, receiving Government protec- 
tion, the price of copper to the Canadian consumer would be 


even higher. Refers to a small mill in Toronto receiving a 


Government protection of 10%, but which cannot make satis- 
factory output of sheet or rod brass. 


Empire Manufacturing Company, London, Ont. 


Use 100 tons of copper per annum, mostly in the form of 
scrap from other countries. Also 250 tons of scrap brass. Would 
favour the establishment of a copver refinery in Canada. 


Canadian Vickers Limited, Montreal. 
Cannot give any information with regard to consumption of 
copper. At present copper in bar or ingot is imported free into 


Canada. If a refinery were started there would no doubt be a 


protective duty which would not be desired by the manufacturers. 


The Russell Motor Car Company, Toronto. 
Use 25 to 50 tons of refined copper pig per annum. Refers to 
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74% duty on copper and believes that if a copper refinery were 
established it would lead to the establishment of an industry for 
the manufacture of manganese bronze, etc. 


Montreal Locomotive Works, Limited. 
Import copper pipe to the value of $12,000 to $15,000 per 
year and $700 to $800 of copper rivets. 


The Canadian Pacific Railway Co., Montreal. 

Used 28,000 lbs. of brass and copper rods and sheets during 
1914. All their brass castings are manufactured by Canadian 
firms. 


The Intercolonial Railway Co., Moncton, N.B. 
Use 50 tons of refined copper per year. 


The Canadian Westinghouse Co., Ltd., Hamilton. 

Use large quantities of copper in ingots, sheets, bars, wire, 
tubes and other shapes. If these were procurable in Canada 
would give their preference to the Canadian product. Consider 
that the refining of copper in Canada would be of benefit to 
Canadian users. 


The Robt. Mitchell Co., Montreal. 
Use 60 tons per annum of ingot copper. 


Canadian Locomotive Company, Kingston. 

Use 3,000 lbs. of ingot copper per month. Do not see any 
advantage as regards cost if copper is refined in Canada. Copper 
refining could only be developed by means of Government by 
way of bounties or protective tariff. 


The letters show that 30,000,000 lbs. of copper is imported 
annually by the above named manufacturers. This copper is 
largely in the form of wire rods, tubes, sheets, etc., but also as 
ingot copper for casting purposes and as ingot brass. Many of 
the letters of the manufacturers consider that it would be to the 
general interest of Canadian industry that copper should be re- 
fined in Canada, but fear is expressed that copper refining would 
need Government protection, and that this would raise the price 
to the manufacturer of the finished copper. It appears also to be 
an essential part of such a scheme that the refined copper should 
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be rolled in Canada into wires, rods, sheets, etc., and this would 
involve the establishment of a considerable industry for this 
purpose. There will be no chance of selling any part of the out- 
put of such refinery or rolling mills to the United States. They 
would have to depend on Canada and perhaps Europe for a 
market. 


3. OPINIONS OF EASTERN MANUFACTURERS WITH 
REGARD TO ZINC SMELTING IN CANADA. 


The following letter was addressed to a number of firms who 
are using spelter. 
Shell Committee, 
Drummond Building, 
Montreal, May 4th, 1915. 
Gentlemen :— 

On behalf of the Commission appointed by the Minister of 
Militia to enquire into the feasibility of producing metallic 
zine in Canada, with the object of stimulating the mining in- 
dustry and also the manufacture of zinc products from zinc pro- 
duced in Canada, I shall be pleased if you will inform me to what 
extent you use zinc imported to Canada, and whether you see 
any commercial advantage likely to be derived by the Dominion, 
from the use of zinc produced in Canada, in preference to the 
use of imported zinc. | 

Any remarks you may make on this subject which will 
benefit Canadian industries, will be much appreciated. 

I am. 
Yours very truly, 


D. CARNEGIE, 
Chairman of Commission. 


The following replies were received :— 


Page Hersey Iron Tube and Lead Co., Ltd., Toronto. 

Use zinc spelter of a fair grade containing 98% to 99% 
zine for galvanizing. Consumption annually 1500 tons. Con- 
sider it an advantage to have British Columbia ores smelted 
in Canada. Refer to the Frank Zinc Smelter stating that this 
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was discontinued owing to lack of tariff support. Do not 
expect any commercial advantage to themselves from produc- 
tion of zinc in Canada and expect that the metal would cost 
them more than at present. 


Thos. Davidson Manufacturing Co., Ltd., Montreal. 

Use about 500 tons of zine for galvanizing and 10 tons of 
sheet zine. Consider there would be great commercial advantage 
in having zine smelted in Canada. American smelters are in 
the hands of a group, who are mostly Germans, and the price 
has advanced about 300%. 


McClary Manufacturing Company, Montreal. 

Use about 150 tons of zinc spelter and 50 tons of sheet 
zinc imported from the United States and Belgium. Would be 
pleased to pay a slightly higher price if this could be produced 
in Canada. 


Bae 
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SECTION X. REPORT ON COPPER REFINING. 


REPORT ON THE POSSIBILITY OF PRODUCING RE- 
FINED COPPER IN CANADA. 


With an Appendix on Statistics for Canada 
of Copper and Brass 


By Alfred W. G. Wilson, to Honorary Colonel David Carnegie, 
Ordnance Adviser to the Shell Committee, Ottawa, 
July 17th, 1915. 


LETTER OF TRANSMITTAL. 


Honorary Colonel David Carnegie, Esq., M.I.C.E., 
Ordnance Adviser to the Shell Committee, Ottawa. 


Sir:— 


I have the honour to transmit herewith a report on the pos- 
sibility of producing refined copper in Canada, together with 
certain appendices on the following subjects:— 


1. Zine resources of Canada. 
2. Statistics for Canada of copper, zinc and brass. 


3. Special memorandum on the securing of emergency 
supplies of copper and zine from Canadian sources. 


This report supersedes all previous memoranda on these 
subjects that have been addressed to you by the undersigned. 


I have the honour to be, Sir, 
Your most obedient servant, 
ALFRED W. G. WILSON. 


Mines Branch, Department of Mines, 
Ottawa, Canada, 
July 17th, 1915. 
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1. COPPER RESOURCES OF CANADA. 


PRODUCTION OF COPPER ORES. 


Native copper occurs in Canada in a number of different 
localities, but in no place within reach of existing lines of trans- 
port has exploration work disclosed concentrations of the metal 
in sufficient quantity to render it practical to operate these 
deposits commercially by present methods, the copper content 
of the rock being usually less than one per cent. 

Minerals containing copper as an essential constituent 
occur in many places throughout Canada. Those commercially 
important are the sulphides; carbonates and oxides also occur, 
usually in association with sulphide deposits, but they are 
relatively of minor importance. The two sulphides, chalco- 
pyrite and bornite, both of which also contain iron, are the 
most important; locally chaleocite, the pure sulphide, is also 
occasionally found. At the present time copper sulphide ores 
are being mined successfully in the following districts in 
Canada:— 

1. Quebec.—Eastern townships in the vicinity of Sherbrooke; the 
annual production varies, it has been increasing in the last few 
years and may be taken as about 4,000,000lbs. perannum. The 
Quebec ores are mined for their contained sulphur and are 
marketed chiefly in the eastern United States; the copper 
recovered is in the nature of a by-product, and is recovered 
in United States plants after the available sulphur has been 
extracted. 

2. Ontario. Sudbury district. The annual production has been 
increasing in recent years. In 1914 it was about 29,000,000 
Ibs. This copper occurs in association with nickel in the 
pyrrhotite ores of this district. Locally the ores are smelted 
and treated in basic converters producing a matte which con- 
tains 80-82% of the combined metals, the balance consisting 
of iron and sulphur and very small quantities of other metals. 
The matte containing the two metals is exported to the United 
States and to England to refineries where the two important 
constituent metals, and certain included by-products are re- 
covered separately. 

3. British Columbia.—There are three principal producing dis- 
tricts: 
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(a) Kootenays.—Including Rossland with a production of 
3,779,830 lbs. in 1914, and Nelson with a production of 
586,764 lbs. in 1914. These are both tributary to the 
smelter of the Consolidated Mining and Smelting Com- 
pany of Canada (C.P.R.), at Trail. The Rossland ores 
are essentially gold ores; they, however, contain a small 
amount of copper in the form of a sulphide, not much 
over one half of one per cent., but sufficient to make it 
feasible to recover the gold by the methods of the copper 
smelter. 


(6) Boundary.—The production in 1914 was about 16,400,000 
lbs. Formerly there were two smelters operating in this 
district, that at Grand Forks, belonging to the Granby 
Consolidated Mining Smelting and Power Company, and 
that near Greenwood belonging to the British Columbia 
Copper Company. The mines and smelter belonging to 
this latter company were closed in August, 1914, at the 
beginning of the war.* The mines and smelter of the 
former company were closed, and afterwards re-opened. 
It appears probable that the production of this dis- 
trict will gradually decline, unless new deposits are dis- 
covered and opened up. 


(c) Coast Districts.—The production of the British Columbia 
coast districts in 1914 was about 24,000,000 lbs. At 
present there are three principal producing centres :— 


I. Britannia Mines.—On Howe Sound, producing ores 
and concentrates which are shipped to Tacoma, 
Washington. The normal production is 15-18 

million pounds of copper per annum, but it fell below 

that figure in 1914. When work now under way is 
completed, production will be in the neighbourhood 
of 25,000,000 Ibs. per annum. 


II. Anyox.—On the Portland canal about 110 miles 
north of Prince Rupert, at which islocated a smelter, 
present capacity 2,500 tons of ore per day—to be 
increased to 4,000 tons—produces blister copper 
which is shipped to Laurel Hill, New Jersey, for 
refining—owned by the Granby Consolidated 


*They were re-opened in 1915. 
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Mining, Smelting and Power Company. A state- 
ment as to the present production is not available, 
but when the capacity of the plant has been increased 
to the daily tonnage indicated the annual production 
should be in the neighbourhood of 45,000,000 lbs. of 
copper. 


III. Texada Island.—Has produced a small amount 
of copper during the last few years, chiefly from the 
Marble Bay mine. In 1914 the production was 
771,000 Ibs., which may be considered to be about 
two thirds normal. 


VI. Other Localities—A small quantity of copper has 
been secured, from time to time, from a number of 
other localities along the coast of British Columbia 
or from some of the islands adjacent to that coast. 
Prospecting, exploration, or development work is 
now in progress in a number of localities and it is 
probable that new and important discoveries will be 
made from time to time. One new property east 
of Prince Rupert and near the main line of the Grand 
Trunk Pacific Railway has recently made a shipment 
of ore to Anyox. 


(d) Similkameen.—Extensive explorations in the Similk- 
ameen, not far from Princeton, have been in progress 
during the last four years. They have shown the 
existence of large bodies of low grade ores. It is 
probable that this district will become a producer of 
copper within the next two years. 


4, Yukon.—Only one copper mine of importance is operating 
in Yukon—the Pueblo near Whitehorse. The production 
from this mine during the last three years has been at the 
rate of about 1,700,000 lbs. per annum. How much ore there 
is in reserve it is not possible to state. At present the ore is 
all shipped to Tacoma, Washington, for treatment. 


Summarizing the above statements it will be noted that 
the annual production of copper from existing mines in Canada 
is in the neighbourhood of 80,000,000 lbs. a little more than one 
third of this being produced in eastern Canada, and a little less 
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than two thirds in British Columbia. (The total copper recovered 
from ore produced in Canada in 1914 is estimated by Mr. Mc- 
Leish, Chief Statistician of the Mines Branch, at 75,738,386 Ibs. 
In 1913 it was 76,976,925 Ibs.). 


ORE RESERVES. 


With reference to the known ore reserves, upon which future 
production must depend, there is little accurate information 
available. It has not been the custom of the operating companies 
to make public much information with respect to these reserves, 
even when they themselves possess it, The larger companies 
all carry exploration and development work in advance of mining 
and in the majority of cases know that they are assured of ample 
reserves to keep their present plants in operation for some years 
to come. 


In Quebec the reserves have not been made public, but 
they are known to be more than enough to insure production 
at the present rate for more than two years. In the Sudbury 
region of Ontario the known reserves are variously stated to be in 
excess of 100,000,000 tons of ore carrying about 2% copper be- 
sides nickel. The operating companies have not made public any 
official figures with respect to these reserves. 


British Columbia is at present the principal copper-produc- 
ing province of Canada, copper-bearing minerals being found 
in numerous localities in various parts of the province. The 
known occurrences are too numerous to be considered individ- 
ually. The principal producing districts have already been 
enumerated. Some of the operating companies publish state- 
ments of their ore reserves, others do not, and as a consequence 
it is not possible to make a definite statement as to the tonnage 
of ore known to be available. A rough estimate, based in part 
on the published information supplied by certain operating 
companies, and in part upon rough, and therefore possibly in- 
accurate, estimates of the ore reserves of other companies, 
indicates that the known ore deposits of this province contain 
in excess of 500,000 tons of recoverable copper equal to twenty 
years’ supply at the present rate of production. In addition 
to these known ore deposits, which are now being exploited, 
there is every reason to believe that other equally important 
discoveries will be made in the future. 
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PRESENT METHODS OF TREATMENT. 


1. Quebec ores are nearly all exported to the United States, 
where the sulphur is first utilized for the manufacture of 
sulphuric acid and the copper contents of the ores are 
afterwards recovered at other works. 


2. Ontario ores are roasted in open heaps, or in small part in 
mechanical furnaces, to drive off a portion of the sulphur. 
They are then treated in blast furnaces, or reverberatories, 
to produce a low grade matte containing the nickel and 
copper. This matte is further concentrated in basic 
lined converters until it contains 77-82% of the combined 
metals. In this form about 15% of the Ontario production 
is shipped to Wales, and the balance to the United States 
for further treatment. A portion of that sent to the 
United States is again treated to produce the alloy called 
monel metal, without the separation of the copper from the 
nickel. The balance of that sent to the United States and 
all of that sent to Wales is refined by special processes, 
the copper and the nickel being recovered separately. 


3. British Columbia ores are in part sold directly to United 
States purchasers, and in part given a partial treatment 
before being shipped to the United States. The smelter 
at Trail produces a matte containing approximately 42% 
copper and a considerable amount of precious metals. 
This matte is at present being shipped to Tacoma, Wash- 
ington, for final treatment and refining. I understand that 
it is the intention of the Consolidated Company to install 
converters at Trail and to produce blister copper. This 
blister copper will contain an unusual amount of the 
precious metals, owing to the nature of the Rossland ores, 
and it will probably be necessary to refine it on the spot. 


The ores from the Boundary district were treated at Grand 
Forks and at Greenwood, both plants using blast furnaces 
in which a low grade matte was produced, and after- 
wards treating this matte in converters to produce blister 
copper. The blister copper, which contains 96-98% copper, 
was shipped to United States points for refining. The 
plant at Greenwood is at present idle. * 


*Since re-opened. 
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The ores mined at Anyox, north of Prince Rupert, are 
treated in blast furnaces, the resultant matte being blown 
to blister copper in basic converters. The blister copper 
is shipped to Laurel Hill, New Jersey, for refining. A 
small amount of custom ores from outlying points can 
also be treated at Anyox. 

The ores mined at Britannia are concentrated in a special 
plant at Britannia Beach, and are then shipped to the 
smelter at Tacoma for final treatment. Ores from the 
Marble Bay mine on Texada Island, and those from the 
Pueblo mine in Yukon are also shipped directly to Tacoma 
for treatment. 


4. Summary.—tThe foregoing paragraphs may be summarized 
by stating that all the copper obtained from ores mined 
in Canada is recovered in refineries located outside Canada, 
and chiefly in the United States. About ninety per cent. 
of the copper produced in Eastern Canada is converted 
into a high-grade matte before shipment; about sixty- 
six per cent. of the copper produced in British Columbia 
is converted into blister copper before shipment, and in all 
about twenty-five per cent. of the copper ores mined in 
Canada is shipped directly to United States points for 
metallurgical treatment. 


2. REFINING OF COPPER IN CANADA. 


GENERAL STATEMENTS. 


1. Present Conditions.—Canada refines no copper at the present 
time. About one-half of her annual output of copper is 
treated in blast furnaces and afterwards in converters, 
and is exported in the form of blister, containing usually 
95-98% copper, a few ounces of gold and silver per ton, and 
some impurities; about one-third of her output is exported 
in the form of matte, either high grade and associated 
with nickel, as from the Sudbury region, or of relatively 
lower grade but containing much gold and silver, as from 
Trail. The remainder of Canada’s copper production is 
exported to foreign smelters for treatment as ore, some of 


154 


it being concentrates and some of it untreated. The 
reasons why this condition exists are various and comp- 
licated. In brief it may be stated that the copper pro- 
ducing industry in Canada has been of slow growth, and 
has been prosecuted largely by foreign capital which 
already possessed established business connections outside 
Canada. In the early days it was much cheaper to arrange 
for the final treatment of the Canadian product in estab- 
lished foreign plants; it was easier, and there were fewer 
capital risks. 

At the present time over 80% of the refinery capacity of 
North America is located within fifty miles of New York 
city and is therefore in the immediate vicinity of the 
largest American markets and shipping ports. An im- 
portant factor in determining the location of these re- 
fineries has undoubtedly been the enormous saving that. 
has been effected by reducing to a minimum the time that 
capital is locked up in the refined copper in transit. An- 
other factor determining their location in this district 
was the possibility of securing relatively cheap power, 
cheap labour, and cheap supplies of all kinds, including 
appliances and machinery. Moreover the freights on the 
raw materials and supplies would be lower than on a 
finished product and on supplies hauled a long distance. 
All the conditions which brought this about may be sum- 
marized by stating that refining could be done more 
cheaply and conveniently in the district where the large 
refineries are now located than elsewhere. Once these large 
refineries were established in their present location it has 
become increasingly difficult for new organizations to com- 
pete against them and break into the market, unless the 
circumstances are exceptional. Moreover the capital 
interested in the established refineries is also the prepon- 
derating interest, directly or indirectly, in the Canadian 
copper production. Under these circumstances it should 
not be a matter of surprise that Canada’s copper is not 
refined at home, nor can it be expected that the conditions 
will be changed unless existing circumstances, altered by 
natural conditions or by design, become such that it will ~ 
be more profitable to refine Canadian ores in Canada 
instead of in a foreign country. 
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2. Canadian production available for a refinery—The nickel- 
copper mattes produced in the Sudbury district, Ontario, 
present a special problem in refining, involving the re- 
covery not only of the copper, but also of the nickel, and 
therefore do not need to be considered here. That portion 
of Canada’s copper which can tentatively be considered as 
available for refining in Canada is the British Columbia 
production. 


A survey of the field shows that the British Columbia copper 
production may be considered as tributary to two prin- 
cipal localities. The production of Rossland and the Bound- 
ary country is all confined to the south-eastern part of the 
province, and geographically would naturally be tributary 
either to Trail or to a plant located elsewhere in one of 
the Kootenays. The balance of British Columbia pro- 
duction comes from points on the Pacific coast and there- 
fore may be considered as tributary to certain points on 
tidewater. 


Again, considering the present development of the various 
known copper-producing mines, we find that the mines of 
the Boundary district have probably reached their maxi- 
mum production and are now on the decline. The 
Motherlode, the largest mine tributary to the smelter 
at Greenwood, is estimated to contain about two years’ 
supply of ore; the mines at Phoenix, tributary to the 
smelter at Grand Forks, are credited with containing 
enough ore to keep the smelter working to capacity for 
only a few years more. The Rossland mines are stated 
never to have been in better condition, but the total copper 
content of these ores is comparatively small. Other less 
well-known mines produce ore from time to time, but their 
operation has been more or less spasmodic and they can- 
not be relied on to produce a large tonnage or to produce 
continuously for any length of time. Undoubtedly new 
ore bodies will also be discovered, prolonging the lives of 
existing plants in this section of the province, but the 
ore supplies immediately in view are such that it is ex- 
tremely improbable that the annual production of copper 
from the Kootenays will materially increase in the near 
future. 
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On the coast we find that extensive development work has 


been in progress for the last three or four years, showing 
the existence of large ore reserves, particularly at Britan- 
nia and Anyox. On the strength of this development, 
preparations have been made at both localities for hand- 
ling greatly increased outputs of ore. There are, in ad- 
dition, a number of other smaller properties from which 
additional ore supplies may be expected, and in general 
it may be stated that the districts tributary to the coast 
appear to be the most promising in regard to future 
development. 


In 1914 the interior districts produced approximately 
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21,000,000 los. of copper, while the districts tributary to 
the coast produced about 24,000,000 lbs. It is not prob- 
able that the annual production of the interior, within the 
next few years, will much exceed this amount; the coast 
districts on the other hand give promise of at least doub- 
ling the output within the next two years. 

new district in the vicinity of Princeton, in south-central 
British Columbia, is now undergoing exploration and 
development. The development work at present recorded 
already shows the occurrence of a large tonnage of copper 
ore and more may be expected. If it is decided to treat 
these ores at Greenwood the blister copper produced would 
greatly increase the production of the interior district. 
On the other hand, if it is decided to treat these ores at 
some point near the mines, this production would natur- 
ally be tributary to a coast refinery, particularly when the 
direct railroad to the coast, now under construction, is: 
completed. The establishment of a refinery in British 
Columbia and its location would have an important bear- 
ing in determining the location of the smelting and con- 
verting plant for the preliminary treatment of these ores 
from the Similkameen, assuming that other conditions are 
satisfied. 


If the establishment of a refinery were dependent only on 


the assurance that an adequate supply of blister copper 
ean be produced, it may safely be stated that there is 
enough ore in sight to supply the copper necessary to keep 
a plant of at least 50 tons daily capacity (36,500,000 Ibs. per 
annum) in operation for an indeterminate number of years, 
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a period of time, however, which would be longer than the 
normal life of the plant. In reaching any conclusion as 
to the probable commercial feasibility of such a refinery, 
there are a number of collateral conditions that must be 
considered and weighed and there are numerous con- 
flicting interests which must be appraised and adjusted. 
These conditions are set forth in the succeeding sections 
of this report. 


OPPOSING CONDITIONS. 


1. Present Ownership—The only large Canadian-controlled 
corporation now engaged in mining and smelting copper 
ores in British Columbia, is the Consolidated Mining and 
Smelting Company of Canada, with smeltery at Trail, 
and mines at Rossland and elsewhere—usually referred 
to in the west as the C.P.R. interests, because the Canadian 
Pacific Railway is supposed to hold a controlling interest 
in the organization. All the other important producers 
of copper or copper ores are controlled by United States 
capital. Stating the same fact in another way, it is to be 
noted that only about 10% of the copper production of 
British Columbia is home controlled, the balance, about 
90%, is foreign controlled. When the anticipated in- 
crease in production from coast points takes place, this 
balance will approximate 95% of the total. 


2. Existing Contracts.—Nearly all the companies which are 
mining copper ore in British Columbia and ail the smelters 
which are producing blister copper have contracted for 
the disposal of their output. These contracts usually 
run about five years, and existing contracts have at least 
two years yet to run. 


3. Smelter Capacity—The smelter capacity at present available 
on the coast is not sufficient to treat all the ores now pro- 
duced there. It is reported that the smelter at Anyox 
is to be enlarged to a capacity of about 4,000 tons of ore per 
day (the present capacity is 2,500 tons), but this will 
provide for the output from Anyox only. Another smelter 
specially equipped to treat concentrates as well as ordinary 
ores of copper, will be required to treat the ores and 
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concentrates from Britannia and such other ores as may 
be available from time to time. The capacity of this 
smelter should be at least 500 tons per day, and provision 
should be made to double this capacity, if necessary. 
It is possible that the company now operating the Britan- 
nia mine would consider the erection of a smelter to treat 
their own ores and to produce blister copper. The 
smelter at Ladysmith, now idle, is capable of treating some 
of the ores, but not so economically as a more modern 
plant specially designed for the purpose. It would pro- 
bably seriously handicap the development of a coast 
refinery to attempt to adapt the Laydsmith smelter as 
it now stands to the needs of such refinery. 


4. Marketing.—One of the most difficult problems confronting 
a Canadian refinery would be the marketing of its products. 
Hitherto Canada’s total consumption of copper has been 
about 20,000 tons per annum, slightly less than half the 
production of British Columbia. The greater part of 
this copper is imported into Canada in manufactured forms, 
particularly wire, rods, and sheets. ‘The surplus produc- 
tion from a Canadian refinery would have to be sold in the 
open market. If it is produced under natural conditions 
and at reasonable cost, there appears to be no reason why 
it could not successfully compete with copper produced 
elsewhere. The competition of the large purchasers in 
the United States and in South America would have to be 
faced, and even possible price-cutting. On the other hand, 
there is a possibility that the cheapness of production and 
the geographic location of the refinery might give certain 
advantages which it would be very difficult to offset. 


Under existing conditions eastern manufacturers who require 
refined copper can, or could before the war, often obtain 
deliveries within a week of the placing of the order. Eastern 
refineries often had their orders booked in advance of the 
refining, and as a consequence there was little capital 
locked up in the copper in transit. 


A refinery in western Canada, operating under existing con- 
ditions, would have the following factors to contend with:— 
I. Long haul to eastern market on a refined product, 
and therefore at a higher rate. 
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Il. An unusually long interval must elapse between the 
receipt of orders and the time of delivery—resulting 

q in proportionally larger interest losses on copper in 
transit. 

III. Variety of forms in which refined copper must be 
delivered to suit the requirements of individual 
consumers of small lots means an expensive plant 
for a small output. 

IV. Canadian demand is chiefly for copper in manufac- 
tured forms. The demand for refined copper in 
ingots, wire bars, and cakes is very small. 

V. Competition of foreign copper, much of which can be 
laid down in the eastern market more cheaply. 
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It therefore appears desirable that other markets than that 
offered by eastern America be considered. Data with re- 
spect to the requirements of these markets are not immed- 
lately available. It may be pointed out, however, that 
refined copper from a British Columbia coast point can 
be laid down in British ports, and in certain continental 
ports at less cost per pound than from many of the interior 
United States producers. The Asiatic markets, and the 
Australian market are also open to a coast refinery, with 
corresponding low freights. It appears extremely pro- 
able that any surplus production from such a refinery could 
be very easily disposed of in the face of eastern competition. 


Try. ae ee A 


a Ay Se 


Fe eS oP oe Re ee 


I am inclined to think that it would be most profitable for 
a coast refinery to transform its own refined copper into 
manufactured products such as wire, rods, sheets, bars and 
tubes. These products could be marketed as easily as the 
refined copper. There would be a very considerable 
saving in interest losses on copper in transit and a probable 
saving in refinery equipment. 


5. Power Problems.—The principal individual item of expense in 
5 the operation of a copper refinery is the cost of power. 
: Hydro-electric power can be produced at a number of 
d points on the coast of British Columbia at a cost of less 
‘ than $10.00 per h.p. year. The most desirable and con- 
= venient power sites appear to have been transferred to 
: private hands, but most of them are neither being utilized 


160 


nor developed. The tax which these holding interests are 
inclined to levy on bona-fide industries requiring the power 
is apt to be almost prohibitive. Before a refinery could be 
established it will be necessary to arrange to obtain power 
at a reasonable figure, which should not exceed $10.00 per 
h. p. year, delivered at the plant. The operating company 
should own and control its own plant, and there should 
be sufficient available power in reserve to provide for 
reasonable expansion and the development of subsidiary 
industries. 


6. Diversity of Products.—The nature of the products from the 
different centres makes certain commercial adjustments 
difficult but not impossible. The blister copper which 
will be produced at the Trail smelter will contain an un- 
usual amount of gold, so much so that it will be practically 
impossible to satisfactorily and safely sample it. For 
this reason the owners of the Trail smelter will probably 
hesitate in agreeing to supply their blister to an indepen- 
dently controlled refinery unless special arrangements 
are made for its separate treatment. Again the pro- 
duction of the Britannia mines, which will be about 
25,000,000 Ibs. per annum within two years’ time, is in 
the form of ore and concentrates. Several other mines on 
the coast also produce ore and do not reduce it to matte 
or blister. As already noted, a smelter would have to be 
provided especially equipped to treat these products. 


3. ORGANIZATION OF A REFINERY. 


PRELIMINARY STEPS. 


The organization of a copper refining company will require 
much consideration and some educative work. At present there 
are four large companies operating in British Columbia, whose 
interests are more or less conflicting. It is very desirable that 
as much as possible of the copper which these companies produce 
be treated in the one plant. 

One of the companies, that now operating at Trail, is Can- 
adian-owned and is in the best potential position to start refining, 
both as regards equipment and technical staff. They now operate 
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an electrolytic lead refinery, and an electrolytic copper refinery 
could be established very easily. Moreover this latter could be 


started and operated successfully on a very small scale, as there 


would be no increase of present overhead charges, and the neces- 
‘sary capital expenditure need not, at first, be very great. The 
power cost would be comparatively high, about $20.00 per h.p. 
year, and the location is not favourable to cheap freights for in- 
coming supplies and outgoing products. A refinery at Trail 
would naturally receive the blister copper from the smelter at 
Grand Forks, involving a rail haul of about 88 miles. Any blister 
produced at Greenwood might also be sent to Trail, the rail haul 
being 103 miles. 


On the other hand, the blister copper that will be produced 
at Trail contains unusually large amounts of gold, and I am told 
that experience has shown that it is practically impossible for 
blister of this character to be sampled satisfactorily. Therefore 
it is to be expected that while Trail may be willing and ready to 
undertake the production of refined copper at their own works, 
and to purchase blister copper from other producers, it is natural 
to infer that they will not be willing to co-operate in the establish- 
ment of a refinery elsewhere, unless they can obtain specially 
favourable terms for the treatment of their blister, or be guaran- 
teed its separate treatment. 


The companies operating at Grand Forks and Greenwood, 
which points, as already noted, are naturally tributary to Trail, 
would undoubtedly be willing to contribute their blister to 
some other point than Trail, the only questions involved being 
commercial ones. 


The two principal producers on the Pacific coast of British 
Columbia are the Granby Consolidated Mining, Smeiting and 
Power Company, with smelting works and mines located 110 
miles north of Prince Rupert, and the Britannia Mining and 
Smelting Company, with mines near Britannia Beach on Howe 
Sound, about 30 miles north from Vancouver. If the interest 


_. and co-operation of these two corporations can be secured the 


success of the project would be assured. Without the co-operation 
of both these producers the amount of copper available would 
be too small to warrant the establishment of a refinery on the 
coast. Both companies have existing contracts which will have 
to be completed before they are free to accept new obligations, 
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and these contracts have several years to run—Anyox, time un- 
known, Britannia, two years. Both would probably be willing 
to enter into new contracts with a Canadian refinery, but strictly 
on a commercial basis—that is the Canadian refinery must at 
least give them as favourable terms as they now receive or are 
offered when renewing contracts. 

The Canada Copper Corporation, which now controls the 
interests of the British Columbia Copper Company, and which 
has been developing the new deposits in the vicinity of Princeton, 
B.C., is controlled in the United States. At present they are 
not producing either ore, matte, or blister. It is probable that the 
output from the Greenwood smelter is already contracted for, but 
the output from the new mines is not yet on the market. 


LOCATION. 


1. General.—The following points have been considered in an 
attempt to reach some conclusion as to the best location 
for a Canadian copper refinery :— 

(a) St. Lawrence River, Quebec. 
(6) Sault Ste. Marie, Ontario. 
(c) Port Arthur, Ontario. 
(d) Trail, British Columbia. 
(e) Two Pacific Coast points, British Columbia. 
The following are the principal factors that have been con- 
sidered in each case:— 
(a) Relation to sources of supplies of blister copper. 
(b) Relation to probable markets for refined copper. 
(c) Relation to sources of materials for construction and 
maintenance. 
(d) Probable freights, inward and outward. 
(e) Power costs. 
(f) Fuel and other supplies. 
(g) Labour costs. 
(h) Interest losses on copper in transit. 


My conclusion is that British Columbia offers the best loca- 
tions for the refining of the copper at present available 
for treatment. With respect to the location of a refinery on 
the Pacific Coast as opposed to one at Trail, I consider 
the coast unquestionably offers the best sites for a com- 
mercial refinery. 


. 


163 


The coast production will, in a few years’ time, be at least 
ten times that of Trail, apart from the copper which might 
be sent .to Trail from the two interior smelters. These 
smelters, however, could also contribute to a coast refinery, 
and therefore their production does not need to be specially 
considered when weighing the comparative merits of 
locating at Trail or at a coastal point. Trail would have 
lower capital and overhead charges to meet than a coastal 
point, but the power costs, fuel costs, and labour costs 
would be higher, as would freights on supplies and products. 


Almost any coastal point is favourably located with respect 
to freight rates on raw materials and finished products. 
and has, moreover, an enormous tributary area with low 
freight charges. Certain points offer particularly low 
power costs, and cheap oil fuels are available. Inasmuch 
as eastern manufacturers in Canada would require not more 
than half the output of such a refinery, even if they were 
equipped to handle such a quantity, the balance would 
have to find another market. The potential possibilities 
of the British, Asiatic and Australian markets are such that 
the available surplus could probably be placed in these 
markets more cheaply from the British Columbia coast 
than from any other point in Canada. 

In brief I consider that marketing conditions alone render 
it inadvisable to locate a refinery anywhere in eastern 
Canada for the primary purpose of refining British Co- 
lumbia copper, and I consider that certain Pacific Coast 
points would afford the best location. 


2. Selection of a Site.—Since it is assumed that if a copper refinery 
is established on the coast it would be operated as a com- 
mercial enterprise, the site selected should be chosen only 
on its merits. Primarily it should be on tide-water, and 
hydro-electric power should be available. The amount of 
power should be much in excess of the immediate require- 
ments to allow for expansion and the development of 
certain related manufacturing industries if these appear 
desirable. The site, moreover, should be centrally lo- 
cated to facilitate the assembling of the products of the 
different contributing centres, and should be where climatic 
conditions are most favourable. 
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EQUIPMENT REQUIRED. 


The capital expenditures mentioned in the following para- 
graphs must be considered only as approximations. An estimate 
of the probable cost of a completely-equipped refinery, with its 
various adjuncts, would require a closer analytical study than 
is now possible of the numerous and varied factors which have to 
be taken into consideration. 7 


1. Power Site-—A suitable site for the development of hydro- 
electric power will be required. This should be capable 
of supplying not less than 5,000 h.p. per day, on 24 hour 
service. This is much in excess of the power required for 
a 50-ton refinery plant alone, but scarcely allows for reason- 
able expansion. ‘There are a number of power sites avail- 
able where about 20,000 h.p. could be secured and de- 
veloped at a cost not exceeding $100 per developed h.p. 
At the start it would not be necessary to develop the whole 
of sucha power. The initial development might be pleased 
at $150,000, though this figure is possibly too low. 


2. Refinery and Auxilhary Equipment.—A complete refinery will 
include the following equipment :— 
. Office building. 
. Chemical and assay laboratories. 
. Physical testing laboratory. 
. Water supply system. 
. Power plant. 
(a) Coal bins and equipment (or oil tanks). 
(b) Boiler room and equipment. 
(c) Engine room and equipment. 
(d) Generator room, transformers, motors, switch 
boards and equipment. 


OP WN Re 


6. Furnace Building. 

(a) Cranes and charging machines. 

(b) Small water-jacketed blast furnace. 

(c) Anode furnaces. 

(d) Cathode furnaces. 

(e) Casting machines. 

(f) Cast iron and cast copper moulds for anodes, 
wire bars, ingots, and cakes. 

(g) Moulds for making casting machine moulds. 
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7. Tank house and equipment. 
8. Precious metal refinery and equipment. 
9. Copper sulphate plant. 
10. Supply storage for furnace department. 
11. Copper storage, incoming and outgoing. 
12. Sampling shop and drills. 
18. Scale house. 
14. Repair shops. 
(a) Forge and blacksmith shop. 
(b) Foundry. 
(c) Boiler shop. 
(d) Machine shop. 
(e) Carpenter shop. 
(f) Paint shop. 
15. Shop supply storage. 
16. Yard, tracks, haulage motors, cars, trucks, and other 
yard equipment. 

The cost of a refinery capable of producing about 50 tons of 
copper per day would be about $600,000, or approximately 
$33.00 per daily ton of refined copper. If a smeltery is 
established in connection with the above plant, the small 
blast furnace mentioned above would not be required. 


1. Smeltery.—If a smelter is established to treat the tonnage of 
ore for which there is no present provision, the additional 
equipment needed will depend upon the character of the 
ores available and their quantity. One or more reverber- 
atory furnaces, and one or more basic lined converters will 
be required. It is also possible that a blast furnace 
would be needed, though this is not essential. The offices, 
laboratories, shops, and storage warehouses provided for 
the refinery would also serve for the smeltery, except that 
they would have to be made slightly larger; the additional 
-cost of a smeltery may be placed at about $750,000. 


4, Docks and Equipment.—Docks capable of affording wharfage 
q to at least two vessels, of about 7,000 tons capacity, would 
be required. They should be equipped for unloading ores, 
concentrates, blister copper, and supplies, as expeditiously 
as possible. They would also have to be equipped for 
loading the products of the refinery. The initial cost would 
vary with the location and with the size of the plant. 
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5. Subsidiary Industries.—lIf it were decided to establish shops 


to produce copper wire or bars, plates, and tubes, the 
additional capital expenditure required would vary from 
about $300,000 to $500,000, according to the capacity 
of the plant and the variety of its products. 


6. Working Capital.—it is not possible, at the present stage, to 


arrive at any satisfactory estimate as to the amount of 
working capital required. Under ordinary circumstances 
it is probable that about $300,000 would be required for 
the refinery and $500,000 for the smelter, over and above 
that needed for the erection and equipment of the plants. 
The exceptional circumstances attendant on the marketing 
of the products of the refinery, because of its location, 
may render it necessary to have a very much larger work- 
ing capital. 


Copper refiners, as a rule, do not purchase the copper treated 
at their works. They usually levy a fixed treatment 
charge, and make a percentage deduction from the weight 
of the crude copper received to compensate losses in treat- 
ment. This fixed charge varies with the nature of the 
product to be treated from $10 to about $20 per ton. 
They also pay for the gold and silver recovered at current 
market rates. In the eastern refineries the copper in 
transit is rarely tied up for more than a week or ten days, 
exclusive of time consumed in transportation. In a 
refinery on the British Columbia coast it is probable that 
the copper in transit through the works and en route to 
market would be tied up for at least a month. and possibly 
for two months or more. It seems probable, therefore, 
that there would never be less than 3,000,000 lbs. of copper 
locked up, and very frequently the amount in transit would 
be double this quantity. At an average market value of 
12 cents per pound this means the loss of interest on a sum 
of money lying between $350,000 and $750,000, according 
to the circumstances. Since nearly all the available copper 
ores, mattes, and blister copper also contain small quan- 
tities of gold and silver, the value of these metals, when in 
transit through the works, would also have to be considered. 
Their probable value cannot be readily estimated without 
an accurate knowledge of the products to be treated inthe 
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plant. The length of time these metals would be locked 
up would probably not be less than two weeks, and never 
more than four. 

It is thus apparent that the circumstances of location and 
marketing may entail a somewhat larger interest loss on 
metals in transit than would normally occur, and compen- 
satory adjustments for this extra charge would probably 
have to be made by the refinery. It is not possible to 
state how much extra capital would be required to provide 
for this contingency. 


7. Summary.—Summarizing the foregoing it appears probable 
that the approximate capital expenditure needed to estab- 
lish, on the Pacific coast of British Columbia, a plant 
capable of producing 50 tons of refined copper per day 
would be about three-quarters of a million dollars, assum- 
ing that the equipment is entirely new. An auxiliary 
smelter to treat the ores that would be available, but for 
which there is no present smelter capacity, would cost at 
least an equal sum. The amount of working capital 
needed for the refinery would be not less than $300,000, 
and for the smelter about $500,000. 


4, GENERAL CONCLUSIONS. 


The author’s conclusions may be very briefly stated as 
follows :— 

1. The province of British Columbia is the only province 
which produces enough copper annually to support an electro- 
lytic copper refinery. 

2. Within a very short period of time the total amount of 
copper produced from districts tributary to the Pacific Coast of 
British Columbia will probably be more than half the total 
production of Canada, and will be much in excess of that tributary 
to interior points. 

3. For various reasons, which have been cited, the author 
concludes that the Pacific Coast of British Columbia offers the 
best choice of sites for a refinery. 

4, The Canadian consumer does not demand refined copper 


in any quantity, but purchases copper in manufactured forms; 


therefore refined copper produced in Canada would for the most 
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part be unsaleable unless provision is also made for its conversion 
into manufactured forms, particularly bars, rods, wire, sheets 
and tubes. 

5. A market for the surplus copper would have to be ob- 
tained. It is probable that refined copper could be marketed in 
Europe as cheaply as from a refinery in the eastern United States. 
It is also possible that the Australian and the Asiatic markets 
might require the surplus material if converted into manufactured 
products. 

6. There appears to be an opening for the organization of a 
very considerable commercial enterprise which might include 
among its activities the following principal departments:— 

(a) Copper smelter (treating about 500 tons of ore per day). 

(b) Copper refinery (producing about 50 tons of copper 

daily). 

(c) Zine smelter (producing about 40 tons of zine daily, 

including zinc in oxide). 

(2) Brass making plant. 

(e) Rolling mills (for copper, zinc, and brass). 

(f) Bar and wire mill. 

(g) Tube mill. 

7. The organization of any considerable commercial enter- 
prise founded on the copper productive capacity of British Co- 
lumbia is dependent upon the securing of the contracts for re- 
fining the output of the Granby Mining, Smelting and Power Com- 
pany’s production at Anyox, and that of the Britannia Mining 
and Smelting Company at Britannia Mines. To secure the 
co-operation of these two large producers it will be necessary to 
approach them in a business-like way with reasonable proposals 
which it will be to their material advantage to accept. These 
proposals must be supported by suitable guarantees to insure 
that any agreement made can be carried out. 

8. The financing of any operation of this magnitude at this 
time might be difficult. It is therefore desirable that the Govern- 
ment consider in what way the financing of such an enterprise 
could be assisted. It is probable that the enterprise itself should 
be handled as a private commercial venture. 

9 The organization of a corporation to erect a copper re- 
finery and to carry on the associated industries here suggested is 
a matter for private enterprise and it is not necessary to discuss 
methods of procedure in this report. 
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5. STATISTICS FOR CANADA OF COPPER AND BRASS 


The following pages showing the statistics of Canadian 
production of the metals copper and zinc are taken from the 
Annual Report for 1914 of Mr. John McLeish, Chief of the 
Division of Mineral Resources and Statistics. 


COPPER. 


The total production of copper in Canada in 1914 estimated 
on the basis of smelter recovery from ores treated, was 75,735,960 
pounds, which, at the average price of copper for the year in 
New York 18.602 cents per pound, would be worth $10,301,606. 


Since 1912 there has been a gradual falling off in quantity, 
and owing to the decrease in the price of the metal, a still greater © 
falling off in value. 


In the case of British Columbia the metal is mainly derived 
from ores low in copper content and since in smelting the copper, 
_ losses are necessarily high, running as high in some cases as 25 
per cent. and over, the difference between the copper content of 
the ore as shipped by the mine and the metal recovered from 


_ the ore at the smelter, is considerable. 


Statistics of the copper production for the years previous 
to 1909 include, for British Columbia, a record of the copper pro- 
_ duction in that province as collected by the Provincial Bureau 
- of Mines. These are compiled on the basis of the total metal 
content of the ores received at the smelters for which smelter 


' returns were received during the year, and show a relatively 


{ higher copper production than the figures published for the 
Province of Ontario, which were based on copper content of matte 
produced. 


4 Since 1909 the method of compilation of statistics of copper 
_ production by the Provincial Bureau of Mines in British Columbia 


4 provides for a deduction of five lbs. of copper per ton of ore 
' shipped on account of smelter losses, a method which gives a 


result closely approximating to that obtained by this Branch. 
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PRODUCTION OF COPPER BY PROVINCES 
1911, 1912, 19183 AND 1914. 


1911. 1912. 
Province. | | — 
Lbs. Value. Lbs. Value. 
$ $ 
DUCDOCAE sci steal cNcteies we nies oR Os a EP ee 2,436,190 301,503 8,282,210 536,346 
MOE ALIO Sen asec ae Lielehre vets Klee oUt CReREnCN ee A 17,932,263 2,219,297 22,250,601 3,635,971 
British Columbia.) (ci. aireieicecs gicea neers 35,279,558 4,366,198 50,526,656 8,256,561 
OUCH SR GIBEPICGS ets son. tibcont pene inteacus ei tet artaile Gua ia peters ee s eoace Wis Reman 1,772,660 289,670 
COCA ears th Ue aLNe esalineal aaaute aes 55,648,011 6,886,998 77,832,127 12,718,548 
1913 1914 
Provinces. caecaaeT SaaS 
Lbs. Value. Lbs. Value. 
$ $ 
QBS DEG ME etre Me Leer rare Bie PeeanNs ea einls 3,445,887 527,679 4,201,497 571,488 
OTERO SU ehh si Wate sinter. | Ra R AR AaE ia 25,885,929 3,952,522 28,948,211 3,937,536: 
BritishiColum bias spy sat ake ieee ae nay 45,791,579 6,991,916 41,219,202 5,606,636 ~ 
CUD ERGISERICUB Sa tty). neuen iets PE ORE 1,843,530 281,489 71,367,050 185,946 
Ove Ae OO. Shane 76,976,925 11,753,606 75,735,960 10,301,606 
*Includes Nova Scotia and Yukon. TYukon only. 


Prices:—The price of copper in New York varied between 
a maximum of 14.70 cents in February and a minimum of 11.05 
cents in November. For three months following the declaration 
of war there were no market quotations. By the end of December 
prices had increased again to 13 cents. 


Lit 


The monthly average prices in cents per lb. of electrolytic 
copper in New York are shown for a period of five years in 
the accompanying table:— 


MONTHLY AVERAGE PRICES OF ELECTROLYTIC COPPER 
IN NEW YORK. 


Months 1909 . 1910 1911 1912 1913 1914 
i i Cts Cts Cts. Cts Cts Cts 
i Farvuary oo ee ee ie 13.893 13.620 12.295 14-094 16.488 14.233 
My) Pebritary 12.949 13.332 12.256 14.084 14.971, 14.491 
MM RAE CH ok il) 12.38% 13.255 12.139 14.698 14.713 14.131 
IR a 12.563 12.733 12.019 15.741 15.291 14.211 
NEY 0. SNe b ace iin 12.893 12.550 11.989 16.031 15.436 13.996 
ST Eee an 13.214 12.404 12.385 17.234 14.672 13. 603 
ES SC ana a Un ae 12.880 12.215 12.463 17.190 14.190 13.223 
H J OT, Ra On ee a a 13.007 12.490 12.405 17.498 15.400 * 
} September............. 12.870 12.379 12.201 17.508 16.328 ** 
OStOBer yes ah 4... 12.700 12.553 12.189 17.314 16.337 * 
\ N6veinbeF 0050.00). 13.125 12.742 12.616 17.326 15.182 11.739 
Dééethber 4. he. 13.298 12.581 13.552 17.376 14.224 12.801 
1 TESA UO) STRAY SY RE DI ff SLE ES RD oe 
uy 
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In London the monthly average prices of standard copper 
were as follows in pounds sterling per ton of 2,240 lbs. :— 


a MONTHLY AVERAGE PRICES OF STANDARD COPPER 
IN LONDON. 
ahah 
Months 1909 1910 1911 1912 1913 1914 
£ & do & £ £ 
SUERENEL AD oy 1's) dh iedin oie ay 57.688 60.923 55.604 62.760 71.741 64.304 
MST UAT Y i's JR veil 61, /L97 59.388 54.970 62.893 65.519 65.259 
WEAPON shes did aiceata 56.231 59. 214 54.704 65.884 65.329 64.276 
LAY 04 3 A DUNE NR AE 57.363 57.238 54.035 70.294 68.111 64,747 
Vi ee aA Ms LR DL ESAT Ae 59.338 56.313 54.313 N2nOO2 68 . 807 63.182 
APUG arog cova aah ae ACN a8 59.627 55.310 56.368 718.259 67.140 61.336 
BARB ANE AU eC) HR OL 58.556 54.194 56.670 76.636 64.166 60.540 
PUPS. Sot 5 Lt ee nas 59.393 55.733 56.264 78.670 69.200 * 
ih Septemmbers 2) 60h. oe: 59.021 55.207 55.253 78.762 73125 a 
h WICLODED sea tse Sue 57.551 56.722 55.176 76.3889 (3585 * 
i Na¥émber hei ie 58.917 57.634 57 263 76.890 68.275 53) 227 
e December....5......... 59.906 56.069 62.063 75.516 65.223 56.841 
im Yearly average..... 58.732 57.054 55.973 72,942 68.335 61.524 
* *No quotations. 
y 
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Statistics showing the annual copper production of Canada 
since 1886 are given in the following table, which shows the yearly 
increase or decrease as the case may be and also the yearly price 
per lb. in New York:— 


ANNUAL PRODUCTION OF COPPER. 


1 


INCREASE OR INCREASE OR Average 
Calendar DECREASE DECREASE price 
Year Lbs. oe Value 3 |————————_|—|_ per 
Lbs. % $ % pound 
$ Cts. 

LSSGhe. Bh oes Sa000; OOO MME prem eey ef iets wb ar S855 SOOT Mer Anan cake piles rete aie 11.00 
1887 (es WEE 3,260,424 |(d) 244,576) 6.99 366,789|/(2) 18,752} 4.86 | 11.25 
LSS87e ae 5,562,864 2,302,440; 70.60 927,107 560,309) 152.70 16.66 
1889. 6,809,752 1,246,888) 22.40 936,341 9,234 0.99 13.75 
SOON ee as ce 6,013,671 (a) 796,081) 11.69 947 , 153 10,812 Lk5 15.76 
1891 9,529,401 3,515,780) 58.46 | 1,226,703 279,550) > 29), 61 12.87 
SIRCES VAR Oe ae 7,087,275 2442-126) 62503 818,580/(d) 408,123} 33.27 1d. 55 
TS9BE, Pal 8,109,856 1,022,381} 14.40 871,809 58 , 229 6.50 10.75 
TBO4Ee oes ee 7,708,789 | (d) 401,067 4.94 736,960|\(@) 184,849) 15.46 9.56 
USO eaves 2 hi ltay 639 62,850 0.81 836 , 228 99,268} 13.47 10.76 
1806 Sree fae wi: 9,393 ,012 1,621,373} 20.86 | 1,021,960 185; (82h) 22.21 10.88 
1897 13,300, 802 3,907,790) 41.60 | 1,501,660 479,700} 46.94 11.29 
1898. 17,747,186 4,446,334) 33.43 | 2,134,980 633,320} 42.17 12.03 
SOO fee inka 15,078,475 |(q) 2,668,661} 15.04 | 2,655,319 520,339] 24.37 17.61 
TIOO Se es 18,937,188 3,858,663} 25.59 | 3,065,922 410,603} 15.46 16.19 
LOO feceuice 37,827,019 18,889,881) 99.75 | 6,096,581 8,030,659} 98.84 TG2L17 
1902. 38,804,259 977,240 2.58 | 4,511,383/(d) 1,585,198} 26.00 | 11.626 
M9052 Pa ee base 42,684,454 3,880,195; 10.00 | 5,649,487 1,188,104} 25.23 13.285 
1904 eee 41,383,722 |(d) 1,300,732 3.05 | 5,306,635|(2) 342,852 6.07 12.823 
L905 aan: 48,092,753 6,709,031! 16.21 | 7,497,660 2,191,025} 41:29 15.590 
LOOG ree ts 55,609, 888 7,617,135) 15,63 |10,720,474 3,222,814| 42.98 19.278 
TES) GRE STA can 56,979,205 1,369,317 2.46 |11,398,120 677, 654 6.32 20.004. 
IOS seh ceurde 63,702,873 6,723,668} 11.80 | 8,413,876 2,984,244) 26.18 13.208 
LO0STT re DAFAIS OOS Wh. reel ccta tia whe pene GOLA TOL Wee cate aiuto lie vee eee ee 12.982 
1910 55,692,369 3,198,506 6.09 | 7,094,094 279,340 4.10 12.738 
LOT eee 55,648,011 |(@) 44,358 0.79 | 6,886,998)(2) 207,096 2.92 12.376 
A Aas gare TT, 832,127 22,184,116} 28.50 |12,718,548 5,831,550} 45.85 16.341 
VOLS esc os 76,976,925 |(d) 855,202 1.10 |11,753,606|(d) 964,942 7.59 15.269 
LODA Nee A 75,735,960 |(d)1,240, 965 1.64 |10,301,606|(d) 1,452,000 14.10 13 .602 


*The decrease is not as large as the figures would indicate because of the calculation of part of 
the 1909 production on a different basis from previous years. (See explanation in text.) 


With the exception of a small output of copper sulphate at 
Trail, B.C., the copper production of Canada is exported for 
refining. The exports of copper on ore, matte, regulus, etc., 
during the calendar year 1914 were 68,830,059 pounds valued 
at $7,180,778, of which 57,923,363 pounds valued at $6,287,489 
were exported to the United States, and 10,906,696 pounds 
valued at $848,839 to Great Britain. The exports of copper 
black or coarse and in pigs, to the United States amounted to 
6,581,564 pounds valued at $908,201. There was also an export 
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of “‘old and scrap’”’ copper amounting to 19,871 ewt. and valued 
at $231,710, distributed as follows: to the United States 16,604 
ewt. valued at $189,793; to Great Britian, 2,751 ewt. valued at 
$35, 918; and to other countries 516 ewt. valued at $5,999. 


The following tables give, in detail, the exports for 1913 and 
1914:— 


EXPORTS OF COPPER 1913 AND 1914. 


1914. 


Fine in ore, matte, 
regulus, etc. 


Black or coarse 
and in pigs. 


| |  — | | Es 


Pounds. 


Value. Pounds. Value Cwt Value. 
$ $ $ 

United States....| 57,932,363) 6,287,489] 6,581,564} 908,201 16 , 604 189,793 

Great Britain....| 10,906,696 GASP SSA bei seopy MwA es |) shal cele ae 2,751 85,918 

OLDER MOU TMURICS HAH Were? Vskie State“ cllmye pe Ramee HCN seme eet Ue kod oa ie Ta 516 5,999 

otal ee 68,830,059; 7,180,778) 6,581,564; 908,201 19,871 231,710 

1913. 

United States....| 76,552,312! 9,079,167 VTL280) 23,431 18 , 432 237,678 

Great Britain....| 5,325,468 AOL GS e. ois cers Fee eaten rere eect ar eos oes 6,071 80,647 

Other Countries. . 1,300 POO Rae RRB a hee Sc hae 469 6,578 

ee I I Ea ac ed, ee Sd PA eres reer js 
otale tas 81,879.080| 9,479,480 771,280} 123,431 24,972 324 ,903 
EXPORTS OF COPPER IN ORE, MATTE, ETC. 
Calendar Year. Lbs. Value. Calendar Year. Lbs. Value. 
$ $ 

LMS ae pee NP 5 RAN RYN SR oo A ol in 262,600 PICO 2 Rh peony 28,631,523 1,741,885 
TMs fol ayaa PAS a > elt us | ha Al Om sie mney CRE dee 249,259 SONY Gs ible er: 32,458 , 872 3,404,908 
\ Lore (RIA Lark tee Pe EA as out Fa 137, 966 POOR Ris Fovtisee 3: 26,094,498 2.476,516 
MSS Shwe: ft wh bs a llapsiaseci tate 257 , 260 POOR te nee crt 38,364,676 Sta, Sak 
Raat Se as Kec p a eon Clo ioAL a 2 168,457 OQ Arahat toe Ait Nc 88 553), 282 4,216,214 
Oi as oe ee MEN NN. allie Rae Laie ae fi 398,497 OOS Ge we ae ok 40,740, 861 5,448,873 
hoi Wea te As 2 a eM VA nm CD a 348,104 LOOSE Pera ie. 42,398,538 7,303 , 366 
TASER ae Flesh a ie ane aL Weer ee ae a PACA GS VAM ee SSS) 10/0 2 a ea 54,688,450 8,749,609 
SOB cc, oe ARE 4,792,201 269,160 | POOS Ae. bi ae 51,136,371 5,934,559 
SOAS ek. Sees 1,625,389 915917 LOOO Raha el 54,447,750 5,832 ,246 
LCOS ie Ray gae tet C1 Reh a wWltotoog 236,965 | SLO} eae ay tials 56,964,127 5, 840, 553 
{LES Ses RA i a 5, 462 , 052 281,070 AOD Tee eye ah eat 55,287,710 5,467,725 
TUN Ie eA MASE Bie 14,022,610 850,336 USA Re oa 78 , 488 , 564 9,036,479 
RS ORR Or ae ee Rte, 11,572,381 840 , 243 LOUISE eS at 85,147,560 9,927,814 
Bee Li pe dey tne hate 11,371,766 1,199,908 TAOS Ee Ds oe 77,398, (23 8,270,689 


*Includes “Old and Scrap.” 
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The total imports of copper during the calendar year were 
valued at $4,256,901 and include crude and manufactured 
copper to the extent of 26, 280, 815 pounds valued at $3,983,322. 
Copper sulphate 1,148,039 pounds valued at $53,802, and other 
manufactures of copper valued at $219,777. 


In 1918 the total value of the imports was $7,414,610 and 
included 41,011,961 pounds of crude and manufactured copper 
valued at $6,935,822; copper sulphate 2,037,714 pounds valued 
at $107,960; and other copper manufactures valued at $370,828. 


IMPORTS OF COPPER 1913 AND 1914. 
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1913. 1914, 
Pounds. Value Pounds. Value. 
$ 3 
Copper, oldjandserap i). 20 4. eee ok 596,700 87,790 127,800 L571 
Copper in pigs, ingots or in blocks..... 5,314,200 845,095 3,733,300 507 , 499 
Copper in bars, and rods, in coils, or 
otherwise, in lengths, not less than 6 ft. 
MOMTANULACHUINE GT Wie ay uelee eee arte atraie 29,387,90|0 4,886,846, 18,212,300 2,689,940 
Copper, in strips, sheets or plates, not 
planished or coated, etc............. 4,255,900 7182 ,974 3,373,100 574,783 
Copper tubing in lengths not less than 6 
feet and not polished, bent or otherwise 
MIAUULACLUTE May Wain evuy ausiin en eer ont 884,920 205,797 696,444 159, 602 
Copper rollers, for use in calico printing]............ TL HOA tata tem eins 22,301 
Copper and Manufactures of:— 
Nails, tacks, rivets and burrs or 
WAShene) Vartan re Cdl ots Sew Ou Need teh: ale Ph (ia GR MERE An? 4,445 
Wire, plain, tinned or plated....... 572,341 127,320 137,871 35,781 
Wire cloth epee kt mais s aiedeire wiswl Otc. s daciatay outs Le of VN Tg OS Ta op St 4,433 
Allother/manuiacvures/ol,/T1.0:De4 «.|\csersie.e eeisie ai SAD ZOOL nei alan eae 188,2 
Copper precipitate of crude........... 4,748 515 2,017 828 
Copperisulphate esi oa seksi mamuenuays 2,037, 714 107, 960 1,143,039 53,802 
POCA WAHIeLe RU tee La ceakiate ey A pits Wt het ALOR, Lara gis eas Py os ge ee ag 4,256,901 
IMPORTS OF COPPER 1910 To 1914 INCLUSIVE. 
Pigs, ingots or in Crude 
Year. blocks Old and Scrap. precipitate. 
Lbs. $ Lbs. $ Lbs. $ 
1920 er od eae he 4,640,500 609,111 273,700 31,070 4,847 595 
VOLT Alea eek tee a ales 5,650,400 705,598 265,300 28,748 2,608 299 
OS os Bee Ce nS 5,121,800 806,705 400,500 56,748 5,703 570 
LOTS Ole gee otto 5,314,200 845,095 596,700 87,790 4,743 515 
TIS ee eee 3,733 ,300 507,499 127,800 15; 717 2,017 328 
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IMPORTS OT COPPER 1910 TO 1914 INCLUSIVE.—(Continued). 


Manufactures of Copper. 
Year. Copper sulphate. Total 
Bars, rods, sheets, tube Other Value. 
and wire. manu- 
factures. 
Lbs. $ $ Lbs. $ $ 
OLED Mi WnNe ch Pra Sout 2 Silat: 25,322,906] 3,579,270 150,322} 1,925,557 77,782| 4,448,150 
CTD CONE eee en en Se 29,244,210} 3,898,416 215,289] 2,191,899 88,419} 4,936,769 
Bea She Mickara et auc bee 5/24 35,198,208! 5,776,003 305,680) 2,105,419 »| 101,650! 7,047,356 
BUDE ey elas v teal ete an / oie ete eae 35,101,061] 6,002 , 937 370 ,313| 2,037,714 107,960! 7,414,610 
PERT A Ser Ie RAE HE VON 22,419,715|) 3,460,106 219,449) 1,148,039 53,802} 4,256,901 
COPPER:—IMPORTS OF PIGS, OLD SCRAP, ETC. 
Fiscal Year. Lbs Value, Fiscal Year. Lbs. Value. 
$ $ 
SE EE aD ee eee 31,900 2,130 1a ES een ae 1,050,000 80,000 
Bee LEN de rahe | ane 9,800 nS BSF W (ras?) ag MS Ry er 1,655,000 246,740 
Ree cc oS eee cae 20,200 1,984 ROOF 2 ees eee 1,144,000 180,990 
Misti wea ste SNe 2 124,500 20,273 NGA SEM ARE a oy 8 951,500 152,274 
Meike cacy ce cts cata 40,200 3,180 TUS PA ECC AAR nN 1,767,200 325), 882 
PRetrsed i etde nN c.P rs, ate) 28,600 2,016 DOOR ses al: 2,038,400 252,594 
PSS6 3. 5: BE gas 82,000 6,969 ASO AR seta va 2,115,300 270,315 
Leesa TE Sg Nate ga sae 40,100 2,507 OO Sas Uyeda s 1,944,400 266 , 548 
BEERS Si oe Score aes 32,300 PAROS pA VAST oA te Dt 2,627,700 441,854 
TODS ee RI Bg aed Pee 32,300 8,288 | 1907 (9 mos.)..| 2,616,600 520,971 
LARTER So ey ete 112,200 pn Ves Va} PIOS Mine anacias 3,612,400 650 , 597 
SRO RE Beene une a em 107,800 10,452 A BSA Teas marie PARRY ALN 383, 441 
TSC Se Sete A Via 343 , 600 Le SOA ME OU O oh couse 4,914,200 640,181 
LS APNE ea 168,300 16,331 DS 3 1 LAAT Sat Lee 5, 915,700 734,346 
CIS CEES Pasta tue eee - 101,200 7,397 PED ek NN Kul iit 5,522 ,300 863 ,453 
TESTE SB Oa 8 72,062 6,770 i 2) Oe eR 5,910 ,900 932 ,885 
PESO wes dio Si 6) P72 iis ees 86,905 9,226 OLA eine sien aes 3,861,100 523 ,216 
1 UO easy BP 49,000 5,449 ; 
IMPORTS OF MANUFACTURES OF COPPER. 
Fiscal Year. Value. Fiscal Year. Value. Fiscal Year. Value, 
$ $ $ 
CL Oe 123 , 061 Bake VA etree ee Aen BZA +S) A oLOY v hs ee obane heb oe 1,191,610 
ooo) eee 159,163 LOS se nee eae 15S 9 US Dull Pais bo) 0 suse 1,775,881 
E25. sito my sus D202 Zao. | HLOOE codeoe ack ass AGB) AOA LQG 3 oes ye tae 2,660,303 
OE Sd mae 247,141 SOD EE aaa, 251,615 1907 (9 mos.)...| 2,545,600 
BOE Ne ge ya rate 134,534 USOR ee ors 285,220 POOS Waa a dhehe aie: 2,713,060 
1885. 181,469 TOOT te rae ase b 264,587 BO DAT te ai scran t 2,086,205 
1S ae CANS a? AUP) Nia OCR ee ee Be nN 786,529 Calendar Year. 
1 SEAS ee a S2b AO VM LOD irae. BETH Sou oLOLO Sa crete s mi at6 nay fe ly 37: 4 
Re sa Se, 303 , 459 AST EW DAMON ry 2 ay 1,090,280 a1 AY LEER Os fateh Goya ty 4,113,395 
LS SSI et ai AOA ZIG ee LOO Ls tric cei te SSE OLS TOUS os eee ees 6, 081 ,464 
AR ER as ATZSG68 NM 1908 on eos AGORIZ GSS dh AGES. 5-6 dye he 6,373,250 
BEATS 2103s |e HOD sOLe ee OOS sae atoegn a. Pe ASIA GSbi My LOE. es oe she 8,679,555 
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QUEBEC. 


The mines of the Eastern Townships were still more active 
during 1914 with an increased copper production therefrom. 
This amounted to 4,206,497 pounds, valued at $571,488, repre- 
senting the estimated recovery from 117,699 tons of ore~and 
concentrates. Statistics of the copper production of Quebec 
province since 1886 are shown in the table following:— 


QUEBEC.—PRODUCTION OF COPPER. 


Calendar Year. Lbs. Value. Calendar Year. Lbs. Value. 
$ $ 
A SEO scvks< saree ie 8,340,000 BGT A00 ser OOOm tae eat vie 2,220,000 859,418 
PSS eee ile. 2,937,900 38075245) DOOM ee cette ot 1,527,442 246,178 
{Me tchote ares epeh oe RE yt 5,562,864 SA LOT hy LOUe tek aaeeee eee 1,640,000 190, 666 
TSO ae alee a Bee 5,315,000 TS02 SIS Tel 908. 3 eee Oener es 1,152,000 152 , 467 
PSSOR cc ar eee ate 4,710,606 FAL OZOA! | RDOO Bias coe eee ale 1,760,000 97,455 
TRO Me te ek ee, 5,401,704 695546951) 19000 ecb sae 621,243 252,752 
pot A Aas ie Or See 4,883,480 BOA SOLA MEL SO GS aes kareena y 1,981,169 381,930 
TSOSS ice eased ore 4,468,352 ASOMSASH LOOT sate hue ee eres 1,517,990 303 , 659 
TRON Sine lae ee 2,176,430 ZOR QOT Mi TLOOS 2, cee ae. e eee 1,282,024 169,330 
SSG ies tetra 2,242,462 ENG WE ACESS) MM HLS OL ay eae palin 1,088,212 ta, 272 
LS9G Sa ae alee 2,407,200 261,903 TORO sock eek Gee 877,347 Lid TST 
DSOT tae steer ote: 2,474,970 279,424 WO V's accent cece Bee 2,436,190 301,503 
SOS sey ep akt babar 2,100,235 S52 GEG NM EO Le ont yA ee: 3,282,210 536,346 
SOO Secwey Sh ale 1,682,560 287,494 TOUS S oo enemas © 3,455,887 527,679 
gS Te Ue. sen Ate ope geld Chae 4,201,497 571,488 
ONTARIO. 


The copper production from Ontario comes mainly from 
the nickel-copper ores of Sudbury district. 


The chief companies are: The Canadian Copper Co., Limited, 
shipping from Creighton, Cream Hill, the No. 2 and the No. 3, 
or I’rood mines; and the Mond Nickel Co., Limited, operating 
the Garson, Victoria No. 1, North Star and Worthington. The 
Alexo mine, near Porquis Junction, on the Timiskaming and 
Northern Ontario Railway, shipped a considerable tonnage of 
nickel-copper ore to the Mond Nickel Company’s smelter. 


The British America Nickel Corporation did some develop- 
ment work at the Murray and Whistle mines, but made no 
production. 
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A small shipment was made of copper ore from Dane to 
United States smelters, and payments were made for a small 
amount of copper in shipments from the Colbalt district to Amer- 
ican smelters. 


The total tonnage of nickel-copper ores smelted in 1914 was 
947,053 tons. There were produced during the year 46,396 
tons of bessemer matte, containing 14,448 tons of copper and 
22,759 tons of nickel, the shipping value of these matte being 
approximately $7,189,031. Details of the production of these 
ores are given more completely and in tabular form in the article 
on ‘Nickel.’ 


The Ontario Government offers a bounty on copper over 95 
per cent. pure metal, and on copper-sulphate produced from ore 
mined and refined in the Province. The text of the Act will be 
found in the chapter on cobalt under the heading ‘‘Metal Re- 
fining Bounty Act.” 

Statistics of the copper production of Ontario since 1886 are 
given in the table following:— 


ONTARIO.—PRODUCTION OF COPPER. 


Calendar Year. Lbs. Value. Calendar Year. Lbs. Value. 
$ $ 

HUSEO iale/eyoren hy of ek we 165,000 18,150 POCO eA Le ee 6,740,058 1,091,215 
_ C2 e5y RT SR an aa 322,524 DOS OAM POOLE Poi eh ee be ey. 8,695,831 1,401,507 
ESS Da eG Nil. Nil. LOD oUt ney bien 7,408,202 861,278 
COS SIRs ae Pe eee 1,466, 752 201,678 POOR Sa R roe ep cree gc: G2 633 949 ,285 
LOSS SD ee EA 1,303,065 205 , 233 FOULS ME oes 4,913,594 630,070 
TLCS EE panes SR 4,127,697 Sol ood: DIODE he ele 8,779,259 1,368,686 
LAS Ea OPES 2,203,795 254,538 NVC OE ae 10,638,231 2,050,838 
LoS eee eee 3,641,504 391,461 TOOT ES HE ses 8: 14,104,337 2.821432 
“EZ FG re 5,207,679 497,854 POO Sees ey eae he 15,005,171 1,981,883 
LES SSS 8 Be A eee ree AO soad 492,414 POO evar APs deter 15,746,699 2,044,237 
TSS {CS ke ae ae 3,167,256 BAAR DIS, We POLOs ee tice. 19,259,016 27453), 213 
eS Se ok ae 5,500,652 621, 023 PORTE ee Se hae |S 17 , 932 , 263 2,219,297 
LOL Ee Se ene $3370, 220 1,007,539 BS Oa ga 22,250,601 3,635,971 
RIOR N Pet es Sai eo, oat 1,007,877 LOGIE Pies sO ahs, 25,885,929 3,952, 522 

DS ed oe Ge aes Se 28,946,211 3,937 , 536 


BRITISH COLUMBIA. 


According to returns received from the smelters, the total 
quantity of copper contained in matte, blister, and copper- 
sulphate produced in British Columbia during 1914, and including 
and estimate of smelter recovery for copper ores exported, was 
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41,219,202 pounds, after deducting the amount of copper pro- 
duced from foreign ores. The production of 1913 on a similar 
basis was 45,791,579 pounds, and in 1912—50,526,656 pounds. 
Returns of smelter production in this Province were not 
collected by this Department previous to 1908, and a complete 
record of statistics of production on this basis is not available. 


The production of copper in this Province, according to 
statistics collected and published by the Provincial Department 
of Mines, reached a total of 45,009,699 pounds in 1914, as com- 
pared with 46,460,305 pounds in 1913. Statistics of the annual 
production since 1894, as ascertained by the Provincial Depart- 
ment of Mines, and the production by districts since 1908 are 
shown in the tables following:— 


BRITISH COLUMBIA. 
COPPER CONTENT OF ORES SHIPPED.t 


COPPER CON- 


TAINED IN ORES INCREASE. 
SHIPPED. 
Calendar Year. 
Lbs Lbs % Value 
$ 
TS OAS arity oe nut ontewee SAA ESO 4 aS. asncel stead Bee eee ae eae mee he ee 31,039 
ROD Satu tora ays his stoke ta tere 952 , 840 628,160 193.0 102 ,526 
US9G Ea he we cook Bett t Alle ale 8,818,556 2,865,716 301.0 415,459 
DOOM s lemouiels Fee E Dae isles 5,325,180 1,506,624 39.0 601,213 
CLS Oude gaete Rahs sie eerie tae RI hea he {271,678 1,946,498 36.0 874,783 
BOs Moots Bie re ee Rees & Ese T1229 450,913 6.0 1,359,948 
a OOO estat, cis aed eae tes pac ER Soe ik 9,977,080 2,254,489 29.0 1,615,289 
OUTS sin. ih, ce cucke amis SA 27,603 , 746 17,626,666 177.0 4,448,896 
YOO DE As As. hs Lac aang emreic aie ae 29,636,057 PARI EVA Sa E 7.0 8,445,488 
1 GOR EA wo eh te ae wee 34,359,921 4,723,864 16.0 4,547,785 
DRS SANGIN) ee gees ihe Pay as ae 35,710,128 1,350,207 AL 4,579,110 
DOE eNe Ewateeaye ie fe tena GHEE eee ee 37,692,251 1,982,123 5.6 5,876,222 
AGO char es ee Ae elas Ride os 42,990,488 5,298,237 TARt 8,287,706 
J EST RAS UE A ee ee eee 40,832,720 *2).157, 768 *5 0 8,168,177 
ME GOS ae hails. cou, th ld oe eters 47,274,614 6,441,894 178 6,244,031 
DONG Mak Occ ee chin tee 6 aoe s 45,597,245 *1,677,369 *3 6 5,918,522 
PODOT : epee noo eral Reattls ai oes 38,248 O88 at Ol x aches eee ee 4,871,512 
OD GE ee Ee Abed arty, /ayk 36,927,656 *1,316,278 *3 4 4,571,644 
ONT aire Rha aes Be obers Rie Kini 51,546,587 14,618,881 39.6 8,408,513 
LOTS She scae tees ae ened aes iain 46,460,305 *4,996 , 232 9.7 7,094,489 
LOTS TS AREA Be Ree eit ae hie. 45,009,699 *1,450,606 8.1 6,121,319 
*Decrease. TAs published by British Columbia Bureau of Mines. {Allowing 5 pounds 


copper per ton of ore for smelter losses, 
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BRITISH COLUMBIA. 
PRODUCTION OF COPPER BY DISTRICTS. 


oa 1908* 1909* 19107 19117 1912+ 1913 1914 
Lbs Lbs Lbs Lbs. Lbs Lbs. Lbs 
ME BEI OO De ais ha ats eer ee ee eee ad hed | tac raat gesagt cau, topo [Paes ccBhay 8 pce 1,838 6,000 
Cassiar..... ADOESTSNE AOA ODL lan cats wee 19,151 88, 403 1,336/11,123,376 
W. Kootenay : 
Nelson..... 53,243 186,572 Dol LOSO news eae: 26,257 815,126 586,764 


Trail Creek.| 5,042,244) 3,509,909] 3,577,745) 3,429,702] 2,539,900] 2,538,661] 3,779,830 
Yale— 

Boundary. .|40,178, 521/40, 603 , 042/31, 354, 985/22 ,327, 359/33 ,872, 199/28, 621, 973/16, 428,959 

Ashcroft 

Kamloops. . S269 roe Paseo, ae 1,178 TSAR Y RRS SMS eal 30,578 14,525 
Coast distr’ts| 1,506,464} 1,160,071] 3,077, 090/10, 998, 721/15, 429, 778/14, 443, 793|13,070, 245 


Total..... 47,274, 614/45, 597, 245/38 ,342 , 934/36, 927, 656/51, 456, 537/46, 460 805/45, 009,699 


*Copper content of ores shipped. tAfter deducting five pounds of copper per ton of ore for 
slag losses. 


According to the direct returns in 1914, the ores of the 
Boundary district produced 42.9 per cent. of the total against 
63.5 per cent. of the total for 1918; the Trail Creek and Nelson 
divisions came in for about 11.3 per cent.; and the Coast and 
Cassiar districts for 45.8 per cent.—compared with 29.8 per cent. 
of the total for 1918. 


In the Boundary the production was mainly from the mines 
of three of the large smelting companies; the Granby Consoli- 
dated Mining, Smelting and Power Co., Limited; the British 
Columbia Copper Co., Limited, and the New Dominion Copper 
Co., Limited. The two first named operate their own smelters 
and convert their matte to blister copper. The low grade ores 
of this district are self-fluxing and very uniform in character, 
averaging a little over 1 per cent. in copper, and from $1 to $2 
in gold and silver. 


The chief producing mines of the district were the Granby 
mines at Phoenix, the Mother Lode of the British Columbia 
Copper Company at Deadwood, and Rawhide of the New Dom- 
inion Copper Company, near Phoenix. 


The British Columbia Copper Company have been steadily 
developing their properties at Princess Camp in the Similkameen, 
employing alarge number of men. The properties were producing 
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during 1914 and we may look forward to the eventual establish- 
ment in that part of the country of another important copper 
producing centre. 

In the interior the main shippers were, at Rossland, the 
Centre Star, Le Roi groups, owned by the Consolidated Mining 
and Smelting Co., and the Le Roi II (Josie) mine. Besides 
these, shipments were made from the Nelson district by the Queen 
Victoria mine of the British Columbia Copper Co., and the Silver 
King of the Consolidated Mining and Smelting Company. 

Much development was done in the neighbourhood of New 
Hazelton in the Omineca mining division. . 

The Montana Continental Development Co., did extensive 
improvements and much work on the Rocher de Boule property, 
and will likely be an important producer in 1915. 

The decrease in production in the Boundary district was more 
than offset by the large increase in production of the Coast 
district, which now ranks as the principal producer of copper ores 
in British Columbia with heavy shipments from the Hidden 
Creek mine on Observatory inlet; the Britannia mines on Howe 
Sound and the Marble Bay mines on Texada Island. 


YUKON. 


The main shipments from this Territory were from the 
Pueblo mine at Whitehorse. Some smaller properties also shipped 
and the owners of the Pueblo have re-opened the War Eagle in 
the same neighbourhood. 


IMPORTS OF COPPER 
From Reports of Department of Customs, for fiscal year ending March 31st. 


| | 


1913; | 1914, 


Cwt $ Cwt | $ 
Copper, old and|B. W. Indies, 16 DTG. Shaun Mae oa eel etcnae oe tts 
scrap...........|/Newfoundland and 
Mabrador. ci. sss 52 470 13 122 
United States...... 5,623 81,707 4,310 62,045 
IB gt Oy PLBERS yi cottinsd We I cher Seee ik ee ehad Beh oa eal 82 922 


SSS ae eee 
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IMPORTERS OF COPPER.—(Continued) 


19138 1914 
Cwt. | $ cwt. | $ 

Copper, in blocks,/United Kingdom... 500 73138 410 6,636 
pigs, or ingots...|United States...... 50,716 840, 081 49,995 778,094 
CEOEMARITY AUER etree TCR enM er EL Loa Cat AONE ARN IL 551 8,131 

ALOUAIMEM ely eS raiy Shs 51,216 847,394 50,956 792,861 

_ Copper, in bars and|UnitedKingdom. ... 7,077 107,143 202 4,217 
rods in coil or|United States...... 298,656 4,996,701 270,051 4,333,471 
otherwise....... CECErg 04s rp alan ae any 2. UNe aM ill ete UN aN BAM 29 511 
Motels tio aan ite 305,733 5,103, 844 270,282 4,338,199 

Copper, in strips,|United Kingdom... 15,037 21,287 329 5,890 
sheets or plates ...|United States...... 43,774 852,783 39,531 718,956 
(Gre ahaa 2h oN Uae SIMI Ned CALTON CTL AUC Me RAMEY 17 323 

FOCAL ARMA Pett 44,811 874,070 39,877 725,169 

Copper tubing. ...|United Kingdom... 231,229 50,777 110,019 25,108 
Belgiumiy. 550948. 6,040 949 820 188 

Germany vy eciawa wey: 170,249 34,096 189,780 41,621 

Holkangdoaiey hm 100 20 12,298 2,610 

United States...... 481,438 1153375 500,992 120,940 

SWC OT ad UNL RWRN ON red anu RU MU IDA ACL AIL Cat kM Mane 10,150 1,855 

Pocal sya ea 889,056 201) 217 824,059 192 ,322 

Copper rollers..... United Kingdom iy yen ey Pa Wen Wa Gall CU LN IES ete 9,415 
IPAM COU MIAIN DA, cane sum tae nl eae ae it 5 Wea Ba TES US eH Ma NT cD SN aH EMU RU AVI D> PTA SYR 
CPETIMAIYiG a Haters leet rt uapeinS rod OX 6A UE PU CATED age HAR Het SiN A 

Wnitedistates tai iii pa ncnieat nui SOA OME HURT, 18,853 

Wh Woy eH aL Ao aT ES Ce ADF SUNG Teas itbe tian ech Ne te 28,268 


IMPORTS OF BRASS 
From Reports of Department of Customs, for fiscal year ending March 31st. 


1913. 1914. 
Cwt $ Cwt $ 
A 
Brass, old and/United Kingdam... 502 7.256 138 2,088 
SCEAD pose ss ss Bermuda 58 OOF IR ai lees alee A akan sinless ssc eis 
Be Guianateenu se 66 664 25 226 
Beew. indiesi. 44 61 Saif 4 vA 
Newfoundland and 

Labrador........ 92 917 209 1,733 
German yiiituseks a Aas 93 TE GS aR NN IE needy savy ha sean aretraneaiat ge #12 

Miquelon and St. 
PIEELE Seater ns 18 Ta Gaon haces: 9" akdien stich sneer a erate 
United States...... 43,617 542,190 24,980 291,667 
DIGIUPIENES, Ca UTA Leb ne SN MIN 2 24 


Otel tk wikia s ck 44,487 553,405 25,358 295,765 
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IMPORTS OF BRASS—(Continued). 


———_ | | | 


1913 
Cwt. $ 
Brass, in  blocks,|United Kingdom... 102 Ae bi 
ingotsor pigs...|United States...... 19,820 292,526 
MROTINIADY dos hate licl aes te toneea ioe oe eo oie dane ae 
"POUR. & Rieter wieieete 19,922 294,698 
Brass tubing...... United Kingdom.... 479,186 94,794 
IBélequmi sees eee 5,210 985 
Germany sie. 4 148 ,499 26,667 
United States...... 1,621,989 348 , 747 
ELOUANG VAN ere aMN Se bot. d artic so see leseneersie enelae Site 
OUD Ween Were 2,254,884 471,193 
Cwt. 
Brass bars or rods.|United Kingdom... 1,183 20,795 
Germany... - ieee 62 1,024 
United States...... 53,254 912,290 
Totaly eter. eee 54,499 934,109 
Braga; Oldiana Scrap. tiny sects cee eacta ts a) oleic bie sees SAC Gees nse eRe 
Brassin blocks, INeots Or Pigs ilies sie Cee he oleh ae oer 
TASS LUPIN See Oe eis te ore re eels ee ete ie ee neo nis one cle ee ee 
Brass (bars ‘or TOUS aie SEs aie Oe ale eto eee ata shea berate 
COPPER. 
Prices. 
Average during 1914:— 
Electrolytic...... 13°314 cts. per lb. 
LEP I< Steep A eA 13°61 cts. per lb. 
Highest during past ten years:— 
Electrolytic...... 20°86 in 1907. 
DAKE Ua ae 26°25 in 1907 
Lake prices for last 80 years:— 
High sin eka 26°25 in 1907 
LOW 1 Le Seek eis 9°00 in 1894 
VET AGO Is, ale wie 13°84 
Production. 


1914 

Cwt. o 
17,663 232,831 
199 2,367 
17,862 235,198 
344,075 67, 987 
35,840 5,695 
139,242 29,923 
1,486,659 313 , 836 
80 16 
1,995,896 A1T, 457 

Cwt. 

804 13,461 
538 8,591 
46,507 735,148 
47,849 757,200 


1915. (11 mos.) 
sicle Ree Oe 1,197,700 lbs. 
Sabine ee 759,000 lbs. 
Mee arn east 1,466,598 lbs. 
Shahn ERE ar 544,000 lbs. 


Naiy 


United States for 1904... 812,537,267 lbs. 
United States for 1906... 917,805,682 lbs. 
United States for 1914... 1,129,000,000 Ibs. 


Consumption. 


United States for 1904... 882,190,920 Ibs. (estimated). 
United States for 1906... 686,265,987 Ibs. Pe 
United States for 1914... 570,000,000 lbs. oy 
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SECTION XI. 


REPORT 
To Honorary-Colonel David Carnegie, M.Inst.C.E., on 


THE ECONOMIC POSSIBILITY OF PRODUCING 
METALLIC ZINC COMMERCIALLY 
IN CANADA. 


By Alfred Stansfield, D.Sc., A.R.S.M., F.R.S.C., Professor of 
Metallurgy of McGill University. 


June, 1915. 


McGill University 
Montreal, April, 1915. 
Sir :— 

At your suggestion the Hon. General Hughes requested Prin- 
cipal Peterson to detail me for service on your Commission of 
Enguiry into the possibility of establishing in Canada a copper 
refinery and a zinc smelter. I made a preliminary examination 
of the situation before leaving Montreal and then accompanied 
you and Dr. Wilson on a visit to points in British Columbia and 
other parts of western Canada where information could be ob- 
tained in regard to the subject of your enquiry. 


While taking a share in the whole investigation, I have 
devoted especial attention to that part of the enquiry that related 
to the production of zinc, and I submit herewith my report on 
that subject. 

I am, 
Sir, yours respectfully, 
(Sed.) A. STANSFIELD, 


-Col. David Carnegie, F.R.S.E., M.Inst.C.E., 
Shell Committee, 
Montreal. 
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Report on the Economic Possibility of Producing 
Metallic Zinc Commercially in Canada. 


INTRODUCTION. 


Ores containing some 3,000-4,000 tons of zinc are exported 
annually from Canada to the zinc smelters in the United States, 
and some 8,000 tons of metallic zinc, besides other zine products, 
are imported into Canada, so that the question arises whether 
the Canadian ores of this metal cannot be smelted in Canada to 
supply the Canadian market. The production of zinc in Canada 
has been under consideration for a number of years, but it has 
recently become more urgent in view of the use of this metal in the 
manufacture of ammunition for the present war. 


An investigation of this question may be divided into the 
following sections :— 


1. The amount, distribution and character of the Canadian 
ores. 


2. The existing methods of utilizing these ores. 


3. An account of the attempts which have already been 
made to treat these ores in Canada. 


4, The conclusions arrived at as the result of the present 
investigation. 


5. Appendices to the Report. The main report, included 
under sections 1 to 4, has been condensed as far as 
possible, and the full data and dicussions are contained 
in a series of appendices in section 5. 


1. CANADIAN ZINC ORES. 


The zine ores in Canada and the extent to which they can 
be concentrated and prepared for smelting operation has been 
dealt with recently by Mr. W. R. Ingalls,* whose report must 
form the basis of any discussion of this subject; Dr. Wilson in 
his report has considered the distribution of zine ores, and ad- 
ditional particulars will be found in the appendix to this report. 
The whole situation may be summed up briefly as follows:— 


*Report of the Commission appointed to investigate the Zinc Resources 
of British Columbia and the conditions affecting their exploitation; Ottawa, 
1906. 


| 
| 
| 
; 
| 
| 
| 
| 
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1. The present production of Canadian ores is obtained 
chiefly from British Columbia, and especially from the Kootenays. 


2. The ores are, in general, obtained from mines whose main 
products are lead and silver; the zine ores are rather low grade 
and are usually mixed with the lead and silver ores from which 
they cannot readily be separated. 


3. Zinc ores, unless they are rich in silver, must contain 40% 
to 45% of zine if they are to be sold at a profit to the United 
States smelters, under normal conditions. Some 7,000—-9,000 
tons of such zinc ore and zine concentrates, containing about 
3,000—4,000 tons of zinc have been shipped annually in recent years. 


4. If these ores could be sold to a Canadian smelting plant 
on more favourable terms than are now obtainable from the 
United States smelters, it is probable that the production of this 
class of ore would be stimulated, but it does not appear that any 
considerable increase could be counted upon. 


5. In addition to the higher grade ores already referred to, 
there are in the mines in British Columbia large quantities of 
ores containing smaller percentages of zinc, usually associated 
with lead and silver, and of such a nature that it is not economi- 
ally possible to separate the zinc minerals by the ore-dressing 
operations now in use so as to produce a saleable zinc ore. These 
ores are at present left in the mine or thrown away, because 
there is no method known by which they can be treated for the 
economical production of metallic zine. 


2. EXISTING MEANS OF UTILIZING THE OPES. 


Nearly the whole output of Canadian zinc is obtained from 
mines that have lead and silver. ores as their principal products; 
the zine ore being a by-product. A small proportion of the zine 
ore is obtained directly from the product of the mine with the 
aid of hand picking, but the ore from nearly all the mines contains 
minerals of lead, zine and silver more or less intimately mixed 
and must be subjected to an ore-dressing treatment. The pro- 
ducts of this operation are:—a lead-silver concentrate containing 
most of the lead with a little zinc, and a zine concentrate; the 
latter contains say 30-45% zine, 1-8% lead and 5-50 ozs. of 
silver per ton. The value of the lead concentrate is lessened by 
its zinc contents and the value of the zine concentrate by its 
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lead contents, and in many cases the zine product is not rich 
enough in that metal to be saleable under normal conditions. 
The zine concentrate, if rich enough for the purpose, is shipped 
to smelters in the western States where it is treated, in admixture 
with other ores, by the standard American-Belgian method; 
natural gas being largely used as fuel. 

The price paid by the smelters depends upon the composition 
of the ore and the market price of spelter and of silver, but it 
may be stated generally that when spelter is about 5c a pound the 
smelter pays the market price for nearly 50% of the zine contents 
and for 75% of the silver contents of the ore in excess of 6 ozs. 
per ton. The miner has to pay the freight, which is about $10.00 
per ton and the United States import duty which is 10% of the 
value of the zine and 3c per pound of the lead in the ore when 
this is over 3%. The net return to the miner has sometimes been 
as low as $3.00 or $4.00 per ton of concentrate. 

At the present high price of spelter the sale of these con- 
centrates would be more profitable and lower grade products 
could be shipped at a profit, but the smelters having large stocks 
of cheap ore in hand and a limited smelting capacity, do not. 
wish to buy much ore ata high price. The Order-in-Council of the 
27th April, 1915, prohibits the export of zinc ores from Canada 
to all countries outside the British Empire, but export to the 
United States is still permitted under license for manufacturing 
use in the States. 

The ore from some mines is of such a nature that no sale- 
able zine product can be made and these are operated entirely 
on a silver-lead production. Large quantities of leady-zinc 
ores are now left in the mine that will become valuable as soon as 
an efficient method of treating these complex ores shall have been 
worked out. 

The methods employed in dressing the ore are mostly of the 
ordinary variety including the use of jigs and tables, and while they 
are reasonably satisfactory as a means of producing a lead con- 
centrate they are not very efficient in concentrating the zinc. 
It was pointed out in Mr. Ingalls’ report in 1906 that the in- 
troduction of hand picking and of magnetic ore-dressing would 
produce better results than were obtained at that time, and the 
steady advance in ore-dressing will enable better recoveries of 
the zinc to be made and cleaner concentrates to be obtained for 
shipment. 
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38. ATTEMPTS TO SMELT ZINC ORES IN CANADA. 


A serious attempt to smelt zine ores in Canada was made 
about the year 1904 by the erection at Frank, Alberta, of a 
modern zinc smelter of the usual American-Belgian type. The 
place was selected in order to obtain a plentiful supply of cheap 
coal for fuel, as the amount of fuel required for this process is 
about three times the amount of ore smelted. 


The plant was shut down after being operated for a short 
time, as it was found impossible to make spelter at a profit. 
It appears that the design of the plant and of the distilling 
furnaces was not entirely satisfactory, but the causes that 
probably let to the ultimate abandonment of the enterprise were 
the high cost of skilled labour and supplies, the poor quality 
of the coal and the limited amount and poor quality of the avail- 
~ able ores. 


Other attempts have been directed to the treatment of the 
ores that contain too little zinc and too much lead to be suitable 
for the regular Belgian process; of these attempts the most note- 
worthy is that of electric smelting. 


There is apparently no reason why an ore containing lead, 
silver and zinc should not be smelted in an electric furnace so 
as to produce at a single operation lead-bullion and spelter. 
Up to the present, however, the results obtained are not good 
- enough for commercial operation. 


About 1908, Mr. F. T. Snyder of Chicago, aided by the 
British Columbia Government, erected an experimental plant at 
Nelson to smelt these lead-zine ores in an electric furnace. The 
- operation of his furnace was unsuccessful, however, and the 
plant was taken over by the British Columbia Government. 


In 1910 pressure was put upon the Dominion Government to 
make experiments in the electric smelting of British Columbia 
ores, and Dr. Haanel enlisted the aid of Mr. W. R. Ingalls and 
myself in carrying out a series of small scale experiments on 
electric smelting at McGill University. The difficulties to 
be overcome proved more formidable than we had anticipated 
_ and the best results obtained were not good enough for commercial 
operation. It sometimes happens that a large furnace may work 
better than a small one, and Mr. Ingalls accordingly recommended 
tests on a larger scale in the Nelson plant. A furnace was 
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operated there for some months under his direction, but did 
not produce the desired results. 


Mr. W. McA. Johnson has been carrying out experiments on 
electric smelting in the United States for a number of years 
and has apparently had somewhat better success than was obtained 
at Nelson. 


Apart from electric smelting, a large number of processes 
have been devised for treating low grade zinc ores and lead-zine 
ores. Many of these consist of roasting the ore in such a way 
as to produce zinc sulphate, dissolving this in water with the 
addition of sulphuric acid, and recovering the zine by electro- 
lysis or by precipitation by a chemical re-agent. Such methods 
have been tried many times and in many places, but have not 
been found commercially satisfactory. Two or three of these 
processes are now being tested in Canada, and in view of the 
recent advances in hydro-metallurgical methods it would not 
be safe to condemn them, in advance, on account of previous 
failures. 


The Consolidated Mining and Smelting Company are test- 
ing, in their smelter at Trail, British Columbia, a leaching process 
of this nature for the complex Sullivan ores. The zinc sulphate 
solution, obtained by leaching the roasted ore with water and 
sulphuric acid, is electrolysed with insoluble lead anodes and 
zinc cathodes, but they have not as yet developed the process to 
a technically successful condition. 


A modification of this process has been invented by Mr. 
French. The special features of this consist in the use of “‘nitre 
cake’”’ (acid sulphate of soda) and manganese salts in the solution 
used for dissolving the ore. Mr. French obtained satisfactory 
deposits of metallic zinc, and his process has been tested at the 
Trail smelter. An experimental plant is to be erected at the 
Standard Mines near Silverton, British Columbia. 


Another electrical process has been devised by Mr. E. E. 
Watts at Queen’s University and is now being tested in my 
laboratory at McGill. In this process the ore is leached in the 
electrolytic tank instead of in separate vats, the roasted ore 
being placed in a compartment constructed of wood and canvas, 
that contains the anode. During electrolysis sulphuric acid is 


produced at the anode where it reacts with the roasted ore | 
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forming zinc sulphate. The process appears to work satis- 
factorily, but the mechanical operations of charging and dis- 
charging the anode compartments may prove too costly for large 
scale operations. The Watts process has also been applied, on 
a small scale, to the production of metallic zinc from zine oxide 
made by the Wetherill process or the bisulphite process, and it 
appears to be well adapted for this purpose. 


The Wetherill process, which is in regular use in New 
Jersey, for making zinc white, consists in mixing roasted zinc 
ore with anthracite coal and charging the mixture upon a bed of 
burning coal on a grate of special design supplied with a forced 
blast. The zinc is volatilized and the resulting zinc oxide is 
caught by filtration in long woollen bags. The writer has tested 
this process on a small scale with several of the British Columbia 
ores and has obtained a satisfactory extraction of the zine and 
the lead in the ores. The silver, however, passes partly into the 
fume and on this account the process could not be employed 
to make a lead-zine paint from argentiferous ores, although the 
fume could be smelted in an electric furnace or treated by an 
electrolytic process for the recovery of zinc and lead. The 
Wetherill process uses an amount of coal that would be pro- 
hibitive unless a saleable paint were produced, but a modification 
of this process might be employed for the concentration of the 
lead and zine contents of an ore. Experiments of this nature 
are being carried out at the Trail smelter. 


Further particulars of these and of other methods that may 
prove suitable for the treatment of the complex British Columbia 
ores are given in section 5. 


4. CONCLUSIONS. 


The following are the conclusions that have been reached 
as the result of this investigation, together with an indication 
of the reasons leading up to them. Further particulars will be 
found in the appendices to this report. 

1. It is not advisable, at the present time, to establish in 
Canada a zinc smelter of the standard type. The high cost of 
labour, fuel and supplies, handicaps any such smelter in Canada 
as compared with those in the United States. It might, never- 
theless, be possible to smelt economically at a point like Medicine 
Hat where natural gas can be had at a nominal charge, but the 


190 


supply of zine concentrates of sufficiently high grade is so limited 
that the plant could not operate economically, even if no special 
difficulties were met in smelting the leady zinc ores of British 
Columbia. Further, such a smelter would only be able to utilize 
a small fraction of the zinc ores that are waiting treatment, and 
it would seem more prudent to await the development, which 
cannot be far off, of a process that can handle the mixed ores as 
well as the high grade concentrates. 


2. After reviewing and investigating a number of processes 
for the treatment of low grade and leady-zinc ores, it appears 
probable that one or more of these may shortly attain to commer- 
cial success. The Trail smelter, where investigations of this 
nature are now being made, would be a suitable place, in view of 
its location and present equipment, for treating the British 
Columbia zine ores by such a process. 


3. Encouragement should be given to any competent 
concern engaged in developing such a process, with a view to the 
production of zinc in Canada at the earliest possible time. In 
view of the large supplies of low grade and complex zinc ores 
in British Columbia and other parts of Canada, the smelting 
companies, such as the Consolidated Mining and Smelting Com- 
pany, have already a strong inducement to work out a process 
for the treatment of these ores at the earliest possible time, but 
in view of the urgency of the situation and the high cost of oper- 
ating in this country, it may be desirable to offer a bounty on 
zinc made in Canada, sufficient in amount to enable this metal 
to be produced in competition with zinc and zinc-products im- 
ported from the United States. 


5. APPENDICES TO THE REPORT. 


1. Supplies of zinc ores in British Columbia and other 
parts of Canada and the concentration processes in use. 


2. Exports of zine ores to smelters in the United States; 
prices paid, duties, freight and net returns to miners. 


3. Canadian markets for zine and zine products. 


4. Belgian zine smelting:— 
1. Cost of zinc smelting in the United States. 
2. Locations for a smelter in Canada and cost of 
operations. 


-~ 
ee ee 


ee eS ee 


ae 


191: 


3. Size and capacity of zine smelters. 
_ 4, The zine smelter erected at Frank, Alberta. 
5. Processes for smelting complex and low grade zinc ores. 
1. Distillmg the ore in briquettes or in special retorts. 


2. Production of zinc fume in the blast furnace, on a 
Wetherill grate, or in a Dedolph or Fink furnace. 

3. Electric smelting of zinc ores. 

4, Sulphate and sulphite leaching processes, includ- 
ing those of Parnell, Létrange, French and Watts, 
and the bisulphite process. 

5. Chloride leaching processes; the Hoepfner process. 

5 6. Chlorine smelting process; Ashcroft and Swinburne. 

7. A comparison of these processes. 


6. Zinc refining. 


5. APPENDIX 1. 


SUPPLIES OF ZINC ORES IN CANADA AND THE CONCENTRATION PROCESSES IN USE. 


Supplies of zinc in Canada may be divided into two parts. Firstly zine 
ores and concentrates that are at present being shipped to the United States 
for treatment; these ores being limited in amount by the necessity of their 
containing a sufficiently high percentage of zinc, or of zinc and silver, to pay for 
the shipment. Secondly, the zinc ores and zinc-lead ores containing too little 
zine or too much lead to permit of shipment to the United States, The amount 
of these ores is probably far more than that of the shipping ores, but at present 
they are of no value as they cannot be utilized. 


The quantity and composition of the shipping ores can be fairly definitely 


- stated and is indicated in Table I. Nearly the whole of these ores are obtained 


in British Columbia, and corresponding figures for this Province are given in 
Table 2. The small amount of ore that has been shipped from Ontario and 
Quebec is indicated in Table 1. The zinc ores in British Columbia are es- 


sentially by-products from lead mines, the ores being obtained either by hand- 


picking or as a product of dressing operations in which the lead concentrate 
is the main product of the operation. The only outlet for these ores has been 
to the zine smelters in the United States with occasional shipments to Europe, 


and for this purpose only high grade ores can be employed; containing for ex- 


ample, over 40% of zine in the case of low silver ores or over 30% of zinc in . 


‘the case of ores containing some 80 ozs. per ton of silver. The average com- 


positions of the shipping ores are indicated sufficiently closely by the figures in 


‘Table 1. 
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TABLE 1—ANNUAL PRODUCTION OF ZINC ORES IN CANADA. 


Zinc ore ship- Silver in ore, |Price of Zine|Price of Silver} Spot value 

Calendar | ped, tons of | Zine in ore | oz. per ton per lb. in per oz. in per ton in 
Year 2000 lbs New York New York Canada 
PSO} te oe 5,063 43.1% 21.0 5.520¢ 53 .486c $23.70 
05 0 5 SO RN 2,590 45.38% 39.0 5.758¢ 53 .304¢ $39 . 02 
LOLA eae 6,415 41.7% Paps 6.9438¢ 60, 835c $33 .54 
LOLS rene ss 7,889 44.8% 18.2 5.648¢ 59.791¢ $23.68 
et Be evo 10,893 41.8% 34.6 5.2138¢ 54.81le $24.10 


The zine production of Canada is obtained almost entirely from British 
Columbia, the following being the only shipments from other parts of Canada 
reported during the five years. 


Calendar Year Province Zinc ore Zinc in ore | Silver in ore | Spot Value 
Shipped per ton, 
STO ee Seth Bead Lutte is Ontario 576 tons PY GU /Auna ven cenaily als eesal Aas $10.00 
a HS Ht BIA ea GNM EE AESOP Wha Aa Nesting mil iu eA eBags LARA BH Pa Nine SmiP maaan Near Eo PNR LniPecl (EV nte MON I gs Wau 
TSAO COE ER PUPA LLY enn Ontario LOWS BOO alee eee $37.50 
SOUS Rn AOU NEL Rn Quebec Baga Ft ALDI, Pea mea NS Cah $20.00 
079 0 Ne SCAU SHI Quebec 969 ‘“ BOOS ie uoaea acetals $10.35 


TABLE 2.-ANNUAL PRODUCTION OF ZINC ORES IN BRITISH 


COLUMBIA. 
Zinc ore ship- Silver in ore,/Price of Zinc)Price of atuene value 
Calendar |ped, tons of} Zine in ore | oz. per ton |per lb. in New per oz. in New |pex ton of the 
Year 2000 lbs. York York ore in Canada 
Re Uae 4,487 43.9% Bait 5,520c 538.486c ~ $25.45 
Uh ee 2,590 45.38% 39.0 5.758¢ 53 .304¢ $39.00 
POA Rat 6,405 41.7% AY Eg 6.948¢ 60.835ce $33 .00 
15 9 BS Oe aie {hats 44.7% 19.0 5,648e 59.791¢ $23.85 
OTA 9,924 42.3% 37.9 §.2138¢ 54.811¢c $25.45 


The shipments of zine ores from British Columbia in 1913 amounted to 
7,554 tons of ore and concentrates containing about 45% of zine. These 
shipments were all from mines in the Slocan and Ainsworth mining divisions. 
The principal shipping mines in 1913 being:—The Standard Mine, Silverton; 
The Van Roi Mine, Silverton; The Surprise Mine, Cody; The Rambler-Cariboo 
Mine,McGuigan; The Noble Five, Cody and the Lucky Jim, Ainsworth. Of 
these the Standard Mine alone contributed 4,443 tons of concentrates con- 
taining 43% of zinc. The Consolidated Mining and Smelting Company at 
Trail, considers that the mines in the Slocan and Ainsworth mining divisions 
could produce from 7,000-10,000 tons of zinc concentrates containing 40-45% 
of zine and 20 ozs. or more of silver per ton, and 3,000 to 5,000 tons of zine 
ore with low or negligible amounts of silver. The iron in these ores would be 
about 10% and the lead from 4-8%. 
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Taking these mines in detail, their capacity is estimated as follows:— 


STIG INITIO Fee SAP Th She iw «hres ences le halal eve & 4,000 tons. 
DE ATL OUT tae Dee pers te aly yes eae teh Le doubtful. 
CASUAL WR ITO we hia tinr rs tS cic plete Cela wely's P0007 9055 
SUBDEISe TEMG aetna, Math e OR de at ee He | 1500.65 
Rambler-CariboosM ines ufo et coe oak ee ae L000) = 
Noble Five Mine, perliaps Per ee et os Ni, ee a ew 2000245 
RiRICA EINE Te! ont) Gir te naira Jim ick es Boh eee he a0 hr 
Hewitt Mine, FR Merce creas mato d, Met Nand 2,000 
Payne Mine (from ore in old workings).............. 500: = | ** 
Bluebel}] Mine, (ore of 40% zinc)................2.0.. BOUU. ce Y 
Cloyne es Se BE, SR Nh tata AE RSS AUR ES Leo" 
Misceuaneous WINES Hise ee ee ee Se Be hehe os 500-1,000 


This list indicates that perhaps 10,000 tons of 45% concentrates might be 
obtained yearly from this section, and that if ores as low as 40% of zinc could 
be utilized an output of at least 15,000 tons might be expected. These out- 
puts are estimated to last for atleast two years, while an output of at least 10,000 
tons of 40% zinc ore can be depended on for five years or an indefinite period. 

The production of zine ores in British Columbia in 1914 was 9,924 tons, 
all obtained from the Slocan and Ainsworth mining divisions. In January 
and February alone of 1915, the following shipments were made:— 


PAROLE pO ING Sr ee rah dees he in atone a hela ic s 245 tons. 
Pa OLer=OallOOO LLB a, eae aera k ontileae cis vias TGP oehs 
IPED EISG Wl Iemma east ie ne mat Bi 2 al, ELIG6 3S 
MCA tO Weren fon Norte eee eg ah ee re waee g Ae pt Oe 
LOI ACEI, IIIS Wie eR ein ie cia ele wilde eke Wack Stas. 


Or a total shipment from these five mines of 1,699 tons in two months. 

In addition to the Slocan and Ainsworth mining divisions there is now a 

considerable production of low grade oxidised zine ore from Ymir in the Nelson 

‘mining division. Some 3,000 to 5,000 tons of zinc ore containing about 30% 
of zinc and very little silver may be produced from the H.B. Mine, Sheep 
Creek, this production Pane safe for a period of two years, and probably for 
five years. 

In East Kootenay, the Sullivan Mine and other properties can be depended 
on for the production of a very large tonnage of a low grade zinc-lead ore, if 
such ore could be profitably utilized, and this production could be depended 
on for a period of from 5 to 10 years. 

Zinc ores have also been discovered in Northern British Columbia and the 
coast region, but while some of these are quite encouraging, they may be re- 
garded in general only as possibilities for the present. 

The British Columbia shipping ores consist in general: first, of hand- 
picked ores containing from 40-50% of zine and having some 10-12% of lead 
with variable amounts of silver; second, zinc concentrates obtained by a 
concentration process that yields:—(a) a lead concentrate, (b) a zinc concen- 
trate and (c) tailings; the zinc concentrate containing some 30-45% of zinc, 
2 or 3% of lead and variable amounts of silver. 

The ore dressing processes employed are mainly of a simple type involving 
the use of jigs and tables. Magnetic separation was advocated by Mr. 
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Ingalls in his report, but has not been employed to any considerable extent. 
The tests of the Zinc Commission seem to show that a better separation of the 
zine from the lead could be obtained by the use of a more careful ore dressing 
system, including magnetic concentration preceded by a roasting operation. 
The ore dressing tests made by the Commission showed that from many of the 
ores a concentrate running about 50% of zine could be produced that would 
contain about 90% of the zine in the original ore. This conclusion only 
applies to a limited number of the ores; others, notably the Sullivan ore, could 
not be advantageously concentrated. 


Since the time of the report, flotation processes have been applied to the 
concentration of many ores, and it is probable that this process could be 
applied with advantage to some of the British Columbia ores. With this and 


TABLE 3.—ANALYSES OF ZINC AND LEAD ORES AND CONCEN- 
TRATES FROM MINES IN BRITISH COLUMBIA. 


Zine Lead Silver Gold Silica Tron | Sulphur 
% % oz Oz % % % 
Zine ores from— 
PANU OLA LIVING a ectrneea ante 33 De 7.3 OO Bei Bi tase sancenvaa |e ade tahoe BAC ae eee 
Wurors one. ae aoe aes 25 15 Big oR ke beast ona Cape cece | GRR he Ra 
BGS Bethe VAP cys cess te 14 13 Cs AES AOR UAT Bod Pree shen Scat oa tl Fate Ld ae 
Hastmount Mine......... 30 3 SO yu hieoee 25 Ceres ae 
Bastmount Mine.:....... 20 10 DOLE rege ey ae Sean te 41 5 14 
Good enough Mine....... 45 11 22 0.027 <bean ori ce eomre cons 
Hartney Group Mine..... 27 8 uC -% acl verte cota ca cet Nt te aegis nelle ares eee Ie ere ee 
Sullivaniviitese win eta 31 10 SL hee 13 13 31 
Zine Concentrates from— 
Big Ledge Mine......... 19 trace BL js Pepa SA eae (canes ee eee tates he 
‘Emily Edith Mine....... 38 8 24 0: 08 ia 5 saree lit sarcakae kei aren ete es 
‘Enterprise Mine......... 44 5 LA La HY haerite e:- sul ea naa TICE aac lee R eee ee 
mlewitt Mines src sie. 6 5 EO Ta Dee tame Ss asesT yeaa so aletonttee, alenata chert ai meeee Paice 
Hewitt Mine............ 33 ant 80 EO ea hate ye tes een eats oF 
Jackson Mine. vc. cre et 35 bed 5 On0221l (Ub alee ate eee 
Lucky Jim Mine......... 33 10 De SRS eccer o sell aerate aia Pobre. hist aca oc ARE 
Monitor & Ajax Mine.... 34 4 DE Ng CaN IAEN AN Oe APP NER elie Meee. mek fee 
PAVING WW Haile a aatiere 42 5 js tees Yh Ae th Oe aie ADA te pak 6 gal eee on, nt 
J Rash opie bone weee hanya Ss ef Bop 37 1.4 5 UPR RM Wee Sino tof wea ge Pay al were bp 
~ Pare al ae AY: as ce ae Ae ee 32 2a 5 eee | Ree ee {2 15 23 
Slocan Star Mine........ 34 aE To te een OO Pee at) EN eee ag ee Pees cera ge 
St. Eugene Mine......... 20 10 BD che alg tahoe | ain tous achat at ah Leena oe er 
St. Eugene Mine......... i Hrd 7 ate og WAN on 2 ones be AER RRS. Sc 2 0A) ieee: Bites em HITE aah aS 
Lead ores and Concentrates— 
Himerald Mine: ss <<... 2.2%. 8 36 TARY es Pa eee an 2 9 2 
Enterprise Mine......... 20 30 LOS cos Ghote eee 15 6 6 
Molly Gibson Mine...... 14-3 43 (i UBL (APN Paegrerer de coke tae eee md be 
Standard Mine.......... fi 70 SU ee hate eee ware Ae eet fone 13 
Solhven Mme? .2oe8...4 12 27 BL eM oeiat she ues Vac ate lee aia eee he we ea 
SullivandMine ds. $23....4.4:2% 15 PAY Mg fon ht Be he i AE Arce 15 18 19 
Vian \RoidViine 2.4.4 wn. a 10 65 a Ft an ee Cire ees, nLite Pere ee © 17 


The above analyses are taken from the Zine Commission Report and other 
sources and will serve to show the general character of the ores, but must not 
be taken as average analyses from the mines mentioned. 
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other improvements in the ore dressing operations, there is no doubt that 
cleaner products both of lead ores and of zinc ores could be obtained from many 
of the mines, but there will still remain a large class of ores, of which the Sul- 
livan may be taken as a type, which cannot be separated into satisfactory 
ores either for lead smelting or for zinc smelting, and which await the develop- 
ment of a process for treating the ore as a whole for the recovery of the lead, 
zine and silver contents. The accompanying Table 3, gives a number of 


analyses of ores and concentrates from the report of the Zinc Commission in 


1906, and in part from other sources. The table will serve to give a general 
idea of the composition of the British Columbia ores, but must not be taken 
as indicating the average analyses of ores from the mines mentioned. 


In addition to the British Columbia ores there are a few deposits of zinc 
ore in Eastern Canada. The most important of these is the mine at Notre 
Dame des Anges, in Quebec, from which shipments were made amounting to 
335 tons in 1913 and 969 tons in 1914. The ore shipped is practically free from 
lead and silver, and contains nearly 40% of zinc. 


APPENDIX II. 


EXPORTS OF ZINC ORES TO UNITED STATES SMELTERS, PRICES PAID, DUTIES, 
FREIGHT AND NET RETURNS TO MINERS. 


Exports of Zinc ores to United States Smeliers.—Zince ores mined in British 
Columbia have in general been supplied to zinc smelters in the United States. 
The amount of these shipments has been comparatively small, averaging 6,500 
tons per annum during the last five years, but rising to 10,900 tons in 1914, 
and the monetary returns to the miners have also been small. This is due 
to the low grade of the ore; only a moderate quantity of concentrates being 
obtainable of a sufficiently high grade to pay for shipment. 


Table 1, page 192, shows the amount of zinc ore and concentrates shipped 
from Canadian mines during each of the last five years, together with the aver- 
age percentage of zinc and ounces of silver in the ores, market prices of zinc 
and silver, and average “spot value” of the ore. The silver contents reported 
must be somewhat too low as the reports were incomplete. The ‘‘spot value”’ 
of the ore is understood to be the price paid by the smelter less the freight 
and the United States import duty, but the figures given are probably incorrect.* 


Prices Paid for Zinc Ores.—The scale of payments made by United 
States smelters for zinc concentrates is very complex and does not easily give 
a clear understanding of the charges made for smelting and marketing the zinc. 
The following example of prices paid by smelters in Oklahoma, for ores from 
British Columbia, will illustrate the usual rates. 


*The writer is indebted to John McLeish, B.A., of the Mines Branch, 
Ottawa, for the figures for 1914 and for the silver contents of the ores. 
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TABLE 4.—APPROXIMATE PRICES PAID BY THE UNITED STATES SMELTERS, AND 
NET RETURNS TO THE MINERS, FOR ZINC ORES OF VARYING 
CONTENTS OF ZINC AND SILVER. 


Note.—The freight is taken at $10.00 per ton of ore carried, or $10.50 per 
ton of dry ore, and it is assumed that there is no duty to pay on account 
of lead in the ore, and no penalty for lime in the ore. 


1. Ores containing 5 ozs. of silver per ton, with zinc at 5e per lb. 
Smelter’s Duty Net return 


Zine % Price on zinc to miner 
Aol dy vale ce heels wwe ke kes $21.50 > 1,10 $ 9.90 
AD ET he GORD Rn Bhs Bee Ae 3 16.50 0.60 5.40 
BOs (eae Sere ee SAU atelee 11.50 0.10 0.90 


2. Ores containing 5 ozs. of silver per ton with zine at 6c per lb. 


Smelter’s Duty Net return 


Zine % Price on zinc to miner 
BT sh lode oe Par te eee $28.50 $ 1.80 $16.20 
AD) eS 8) Oba Js ap eee lo We bake ae Re etre 22.50 tie 10.80 
11 ON Se Oa PEN) gee aoe Mh NOE re 17: 50 0.70 6.30 

3. Ores containing 35 ozs. of silver per ton, with zinc at 5c per lb. and silver at 
50c per oz. 
Smelter’s Duty Net return 

Zine % Price on zine to miner 
AON ie ee Sie ee $32.40 $ 1.45 $20.45 
RU aR bcs bot he ay erie ee 27.40 1.00 15.90 
pa i aonb ge PL ee bie dn 22.40 0.60 11.30 
OM de EP RoE RU RRR ae ead Takia 17746 0.30 6.60 


4. Ores containing 35 ozs. of silver per ton with zinc at 6c per lb. and silver at 


60c per 02. 
Smelter’s Duty Net return 
Zine % Price on zine to miner 
ot ar tM at AON hoe a alia $41.50 = 2.10 $28 .90 
AO MAP he tn eee Bo tie oe ie LS 35.50 1.60 23.40 
Bie en da tee a A 30.50 1.15 18.85 
FD Bs Ay o/s, SR a ae? RO a 25.50 0.75 14.25 


The ores are penalized $1.00 per unit for lime in excess of 14%. The 
freight and United States import duty are paid by the miner. 


Duties, Freight and Net Returns to Miners.—The freight from British 
Columbia to points in Oklahoma, payable by the miner, is about $10.00 per 
ton. The United States import duty is 10% of the value of the zine contents 
of the ore. The value of the zinc in the ore is based upon the price paid by 
the smelter to whom it is consigned; deduction being made for the freight from 
mine tosmelter. In general the value is taken as the price paid by thesmelteron 
account of the zine contents of the ore, less a part of the total freight that is 


a 


LOT 


proportionate to the value of the zinc in relation to the whole value of the ore. 

The amount of the United States duty, and the net return to the miner, 
after deducting the duty and the freight is given in Table 4 for a number of 
typical cases. 

There is also a duty of $c per pound of lead in the ore, on ores containing 
over 3% of this metal; thus an ore containing 6% of lead would be charged 
90c per ton. In this connection it must be remembered that the miner while 
paying a duty for the lead in the ore, is not paid anything for this metal by the 
zine smelter. 

In view of the above prices and deductions, it will be seen that an ore 
containing under 6 ozs. of silver per ton, must contain at least 40% of zine, 
in order to afford any return to the miner, but when the silver amounts to 20 
or 30 ozs. per ton, ores can be sold containing as little as 30% of zine. These 
would be the minimum grades that would be saleable, and the poor returns 
from such ores, together with the limited amount of ore obtainable of even 
moderate grade, explain the small dimensions of the trade in zine concentrates, 
and constitute a serious obstacle to the establishment in Canada of a zine 
smelter of the ordinary type. 

Prohibition of Export of Zinc Ores.*—By an Order in Council of the 27th 
April, 1915, the export from Canada of zine and zine ore (including zine 
ashes, spelter, spelter dross, and zinc sheets) is prohibited to all destinations 
abroad other than the United Kingdom, British Possessions and Protector- 
ates. This prohibition went into effect on the 30th April, subject to.the 
right of the Government to issue licenses for exportation in certain cases under 
guarantee to prevent the articles reaching the enemy. (A copy of the form 
of guarantee in general use is appended). 

_ The standing of the consignee, however, is open to investigation in each 
case before the issue of the license. The prohibitory order cannot have had 
any effect on the shipment of zinc ores, as they are still being exported under 
license to the United States, as there are no smelters or refineries for zinc in 
Canada at present. 


GUARANTEE. 


To the Minister of Customs, 
Ottawa, Canada. 


In consideration of your consenting to the delivery to us of Zinc Ore we 
hereby give you the following undertaking, which will remain in force so long 
as the present war continues: 

That no portion of the said zinc ore exported from Canada to the United 
States, and received by us, shall be disposed of, except for manufacturing 
purposes in the United States, and that no portion of the resulting product 
shall be exported to any destination from which it might either directly or 
indirectly reach any country at war with Great Britian. 


eer ek oO) dhe tae ein el) aN Meee) eo) Silay we Sele) Ghar 1 OL Oey APS UST eer Re ONE Ch Ohta e 


Signature. 


*I am indebted to Mr. John McDougald, Commissioner of Customs, 
for information under this head. 
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APPENDIX III. 
CANADIAN MARKETS FOR ZINC AND ZINC PRODUCTS. 


In connection with the economic possibility of producing metallic zinc 
in Canada, the extent of the home market must be considered, as the products 
from a Canadian zine smelter would need to be disposed of largely in this 
country—the United States markets being practically barred. 


In 1906 Mr. W. R. Ingalls in considering the situation stated that the 
Ainsworth and Slocan districts could produce, when their milling capacity was 
somewhat increased, as much as 30,000 tons of 50% blende annually, so that 
a zine smelter treating these ores in Canada should yield some 12,000 tons of 
spelter yearly. The Canadian consumption of spelter at that time was 
only about 3,000 tons, thus leaving a balance of 9,000 tons to be exported. 
At the present time the situation is quite different from this; the probable 
production of zinc in Canada, even supposing that a process for the treatment 
of the low grade ores is developed, would only amount to some 5,000 tons of 
metal, although no doubt the production would increase as the demand for 
these ores became well established. In the meantime the Canadian market 
has grown until about 8,000 tons of zinc are consumed yearly in Canada in 
addition to brass and zinc products which, as is shown in Table 7, would bring 
the total Canadian consumption of zine up to 15,000 tons per annum. 


All the zine used in Canada prior to the war was imported from abroad, 
mostly from the United States, Germany, England and Belgium, so that the 
amount consumed can be satisfactorily determined from the Customs returns 
which are reported in Tables 5 and6. It is clear from these tables that in the 
first place there is an ample market for any zinc production that can be expected 
in the near future, and further that the production of spelter in Canada, 
especially in conjunction with the proposed refining of copper in this country, 
will ultimately lead the way to a very large development in manufacturing 
metallurgy. 


In Table 7 the weights and prices of zine and zinc products, including 
brass, have been tabulated for the two fiscal years ending March 31st, 1913 
and 1914. The amount of zine contained in each item has been estimated 
and the totals obtained show a consumption of some 17,000 tons in 1913 
and 15,000 tons in 1914. Complete returns for the year ending March 31st, 
1915, were not available and these would be of little value in view of the dis- 
turbance of commerce caused by the war. On the other hand a large amount 
of zinc is now used in this country for the manufacture of ammunition and other 
military equipment, so that there is every reason for expediting in every way 
possible the production of zine in Canada. 


It may be mentioned that the ammunition at present contracted for by 
the Shell Committee will require some 28,000 tons of brass, representing 9,000 
tons of zinc. 


SaeNe 
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TABLE 5.—IMPORTS OF ZINC AND ZINC PRODUCTS. 
From Reports of Department of Customs for Fiscal Year ending March 81st. 


1913. 1914, 
Pe ame OR et 108 Cwt ; 
Ziae in blocks, pigs|United Kingdom. . 6,363 | 38, 563 3,996 24,468 
bars rods, sheets|Bermuda......... 24 ie hg Ln pier c h We nts ral gee tre Me aie eat Be 
and plates....... Newfoundland and 
abradorenivs. cit 3 Girne citar ce eC hc Eecpzaed 
Belgium..... by Mies 22 02 141,327 19,900 111,716 
Gerniany nen a%0. 53 , 029 311,947 11, 565 62,053 
Holland se2h0 202 2,448 Seo eae edd WAM AP DRM SONEH begga akepay, crt ae 
Miquelon and St. 
Piertes secs 0s 25 AES GK Na eeeatl oe SE cone Pree ah 
United States..... 15,407 109, 683 10,313 72,788 
otalenossso5 995311 617,138 45, 774. 271,025 
Zine spelter........ United Kingdom. . 18,823 110,918 22,474 110,717 
Beleuiyt eee ce 5 Uy Grp ip | 102 ,382 18,243 89,671 
Germany......... 6,495 38,488 9,683 46 , 364 
United States..... 65,016 378,776 62,712 330 , 497 
HS ICey Waa Wee eae Gian i bes PEN te ae Oe ne ee Na 3,360 15,260 
INTOR WAV eee hese Pa pea aie Kw ee awn ee 900 6,429 
TPotals om iets 107,845 630 , 564 ase 598 , 938 
Lbs. Lbs. 
BOPAN@ GUSt ey tus a Germanys ssa ai 126,588 CORES 84,287 1,863 
Hollands. u ie. uae 1323) Glamis ite at ey ey cv wg cal aa teenie metre 
United States..... 142,356 9,980 809 , 530 19,946 
Uniteds Kam od om sw ieee eon atari ne a weudls Me 600 58 
deqel heal bio sare ec ayte OR. Mice (Or aSan 14 21 Oneieh TOE he Ree RR 13,160 686 
PROtalanss crys 280,267 18,466 Soleo 22,553 
Zine, sulphate and/United Kingdom. . 859,17 17,697 90,637 1,876 
Chloride of...... IBeloiumaaeia dsr: 66,437 1,809 83,272 1,379 
Germany vice woe 21,601 O19 95,486 | 1,709 
United States..... 249 ,380 9,056 258,408 9,077 


BAT COM eee oferta: ch ae ee ELI Nea en os 1,544 25 


997,135 29,481 529,297 |- 14, 066 


Zinc, manufactures /United Kingdom..|............ DE OD Stale amen cena ae ie 2,157 
of, N.O-P..4.:* PP Sel gatas ote a etise oie @ mite eae ASHI Ula REA oP an) GS she al Hae Fon ap eae Nk 
MPT NCC en ey ee aie cows rats ayes eh omen 3 YASS Fale ae et Se eae 638 
CELIMADY eee rulle Keoerne erates PSA Aaa oan sre cs 319 
Wmitedi Staves: nc wol mts 5 ta sros es Ba AG Within itecasaky aa arecsross 46,302 
PLATA UD RAR eral ine spe a te see ee al sea ok vac 28 81 
FLOtalsrsr. tan ndomete Stark Ata A DLR sti ale ehonct a ects 49 ,497 
Zinc, white........ United Kingdom. . 851,070 82,500 1,298,339 44,046 
Belouimiyer. erat eves 928 , 221 82,299 1,874,807 68 , 519 
PPANCOS oh tet 33,700 1,286 47,750 2,066 
Germanys. .2:. 6: 2,205,970 109 , 283 2,475,249 105,872 
LOU AaniG yeretiat cto 429,591 15,641 717,452 PAL lot Af) 
Caly.055 ais trod vasa 42,240 TST COSA ence ew. roa ret ane ore aoa ekeninaneae 
Switzerland....... 104,000 BEA Peal ease Wintec ora facets tel eberere eters 
United States..... 5,129,542 239,934 4,429,481 208 ,452 
Totaly esse 9,724,334 432,955 |10,843,078 456,730 
oa wilted SEES ee ee Reson ee Se Se, outers eee 
Colours zine white |United Kingdom. .| 1,350,900 82,025 1,598,698 46,101 


oat RES BL Ee ST OR Sa OE eens 


From Reports of Department of Customs for Fiscal Year ending March 31st. 


1913. 1914, 
Cwt $ Cwt $ 
Brass, old and serap|United Kindgom.. 502 7,256 138 2,088 
Bermuda wee 38 ZEO -wiliideehivs en aus sock pees oe rem 
ES GUIANA. east 66 664 25 226 
B. W. Indies. ..... 61 3857 4 2T 
Newfoundland and ; 
Labrador....... 92 917 209 1,733 
ATeETMANY «2.22 ss 93 1684 ual a sca lges Steerer ee once 
Miquelon and St. 
Pierre a ee shoe 18 | Al MA Wie pag eee eee Wg te Bt ier a 
United States..... 43,617 542,190 24,980 291,667 
Denmark. Perel tel wee seks Thee eR eea 2 24 
Ota we ete. 553,405 25,358 295,765 
Brass in blocks, in-|United Kingdom. . VARS HYAMS RY Acard Ah Gey wee abo rhs 
gots and pigs... .|United States..... 292,526 17,663 232,831 
Gl OMIMAN Vie. pote fate ieee bane ereiels atiele we eats 199 2,367 
Motal es os veve: 294,698 17,862 235,198 
Brass bars or rods. .|United Kingdom. . 20,795 804 13,461 
Germany aorae cone 1,024 538 8,591 
United States..... 912,290 46 , 507 735,148 
otal :a9 Gite 934,109 47,849 757,200 
Lbs. 
BIASsitUpIng ss: ee. United Kingdom. . 479,186 94,794 844,075 67 , 987 
Belonime hast ete 5,210 985 85,840 — 5,695 
GreELrMany teen cueen 148,499 26,667 139,242 29,923 
United States..... 1,621,989 348 , 747 1,486,659 313 , 836 
Folland 7 ene eee oilertok inicio son bane oe reee een 80 16 
otal ec tn. ees 2,254,884 471,193 1,995,896 417,457 


Brass, old and scrap 
Brass in blocks, ingots or pigs 
Brass tubing..... 


Brass bars or rods 
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TABLE 6.—IMPORTS OF BRASS. 


1915 (11 months) 


ie ee i ee Ys ae et i a A a ee ee ee ee OS ee ee We 


se a 9 wee 4/6 Da 64 We wld eae 2 6 ke a eae ee ee ly 


1,197,700 lbs. 
TH9. O00 pis 

1,466,598 “ 
544,000 * 


3,967,298 “ 


9, PIN an al ee ee 


oer + © 


ie 


* 


aT ea ee es 


aa 


a 


a as, ee Te ae SS 


—- es 2” eee oe 


a 


iii 
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TABLE 7.—SUMMARIZED IMPORTS OF ZINC AND ZINC PRODUCTS. 


é 
Year ending Mar. 31, 1918]/Year ending Mar. 31, 1914 


Zine or Zine Product. Tons of | Price | Tons of || Tons of | Price | Tons of 
Product | per lb. Zine Product | per lb. Zine 


Zinc in blocks, pigs, bars, rods, sheets 


AUG WIACES won tare ors wae ee elas 4,965 6.2¢ 4,965 2,289 5. 9c 2,289 
PPAIYCRSPDOIGCD YD \ eaten. scp saiaroleiey sae aye cas Sil OOO cs 5.8e 5,392 5,869 I wnKe 5,869 
PATEATONG RUTST EAN Ca ee fetid a ta RT OTS SC 140 6.6¢ 126 179 6.3¢ 161 
Zinc sulphate and chloride.......... 499 2.9e 220 265 Be 116 
Zine white and colours.............. 5,538 4.2¢ 4,400 6,221 4.0¢e 4,900 
Brass old and scrape 2 sieci a... cee ee 2,224 | 12.3¢ 667 1,268 | 11.6¢e 380 
Brass blocks, ingots and pigs....... 996 | 14.8¢e 299 893 | 13.2¢ 268 
BS TASROL UD ITIO eet cs ays ae Dosh we Se 1127. 20-9e 338 998 | 15.8¢e 299 
BS rasd) DATSLOM TOUS seers. is oe sy Shoe eis oc: 2tao te Lil e 817 2yj8926| U5. 8e 718 

| Meer el iNied estas DF fos APA a Ne el RE 15,000 


7. APPENDIX 4. 
THE BELGIAN SYSTEM OF ZINC SMELTING. 


This is the standard method of obtaining zinc from its ores in the United 
States. The ore is first roasted very thoroughly for the removal of sulphur; 
it being necessary to leave not more than about 1% of this element. The 
roasted ore is then mixed with about half its weight of anthracite coal or coke, 
in the form of powder, the whole is dampened to avoid dusting, and is shovelled 
into a fire-clay retort heated in a furnace. The zinc oxide is reduced to metal 
by reaction with the carbon of the coal or coke; the metallic zinc leaves the 
retort as a vapour, and is condensed in a fire-clay condenser which has been 
attached to the open end of the retort. The operation of charging, distilling 
the zinc, and discharging the residues from the retort, occupies about twenty- 
four hours. The yield of the operation is about 80% of the zinc contained in 
the ore, the percentage recovery varying with the richness of the ore, being 
smaller with low grade ores. 


The distilling furnace contains several hundred retorts, which are heated by 
coal fires, or preferably by means of producer gas or natural gas. Practically 
all the modern plants are operated by producer or natural gas. The type of 
furnace varies somewhat with the kind of fuel employed; producer gas furnaces 
being provided with regenerative chambers for preheating both the gas and the 
air that is used to burn it, while with natural gas the air only needs be preheated. 
On account of this, and the need of gas producers when natural gas is not 
available, the natural gas furnaces are considerably cheaper than those em- 
ploying coal. The amount of coal used for the treatment of zinc ores is 
considerable, amounting to about two and a half tons per ton of zinc ore smelted, 
and it is therefore important to locate a zinc smelter near a source of cheap 
fuel. On account of the great expense of smelting zinc ores, the operation is 
hardly profitable for ores containing less than about 40% of zinc. 
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The residues left in the retorts after the distillation operation, contain 
practically all the silver and nearly all the lead of the original ore. These 
residues are sent to a lead smelter where they are smelted with other ores 
of lead for the production of a lead bullion carrying both the lead and silver. 

Ores containing considerable proportions of lead or iron, are objectionable 
in the Belgian process because these materials tend to corrode the fire-clay 
retorts in which the operation is conducted; thus increasing the expense of 
the process. Lime in the ore is also harmful for the same reason. 


COST OF ZINC SMELTING IN THE UNITED STATES. 


The cost of smelting zinc ores by the Belgian method in the United States 
varies considerably at different smelters according to the nature and cost of 
the fuel available and the character of the plant. The cost of a zine smelter 
has been given by Mr. W. R. Ingalls at about $10.00 per yearly ton of ore 
smelted, in the case of a plant employing natural gas, and about $16.00 per 
yearly ton of ore smelted when coal must be employed with regenerative gas 
firing. The following estimate of the cost of smelting zine ores by natural 
gas in Kansas is given by Mr. W. R. Ingalls in the Zine Commission Report, 
page 31. 

The cost is given for smelting one ton of high grade zinc ore, using natural 
gas at 2c per thousand cubic feet, and the figures quoted amount to $8.00 per 
ton of ore treated. To this I have added a figure for interest and depreciation, 
estimated at 20% of $10.00 that is $2.00 per ton, making a total cost of $10.00 
per ton of ore. If the ore contained 53% of zine, it would yield, with an 84% 
extraction, 890 pounds of spelter; this would be worth, at 5c per pound, $44.50; 
the smelting cost is 224% of this amount or 1.12c per pound of spelter. 


COST OF SMELTING ONE TON OF ORE BY NATURAL GAS IN KANSAS. 


about (2126 man shifts at $2.00)... 202 od, Pe at a ee Be th 26 
*Fuel ‘(naturel gas-at-2ey 40 000-culltn eo hs ts ue ws .80 
Reduction material (coal 0.5 tons at $1.60).......5........ .80 
Clay for retort making, etc., (1/10 ton at $4.40).......... 44 
Supplies ‘(mssseuaneous) ier raigte betas oe ok Bee. Oo. .20 
Repairs and-renewala 625. pal Se Pe 3 By Se ee 48 
PCTS TP ATION 6 ici rc Salk ae co eh oe es cn ee ae ee 1.06 
$ 8.00 

Interest and depreciation (20% of $10.00)............ 2.00 

\ 


TLRIERL CORR ET (WON CL DTC ..<. eae cae Rees eee $ 10.00 


*Note on Gas Consumption.—Mr. W. R. Ingalls in the Mineral Industry, 
Volume 16, states that the consumption of natural gas for distilling zine ores 
has been found to vary from 40-50 thousand cubic feet per ton of raw ore, or 
48-60 thousand cubic feet per ton of roasted ore. In addition to this, the 
roasting of the ore would need 4,500 cubic feet of gas in a well designed roaster, 
while many roasters now in use consume as much as 30,000 to 40,000 cubic 
feet of gas. This indicates that with natural gas at 2c per thousand, the cost 
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When natural gas is not available, and coal is used for heating, the cost 
is somewhat higher on account of the greater cost of the plant, the larger 
amount of labour needed and the higher cost of coal fuel. The following table 
shows the cost of smelting one ton of high-grade zinc ore at a modern plant in 
the United States, using coal at $1.50 in gas producers and with regenerative 
gas-firing. The plant would cost $16.00 for each ton of ore smelted per annum. 
Interest and depreciation at 16% of this is $2.56. The data are taken from 
W. R. Ingalls’ Metallurgy of Zinc, page 602, and the Zinc Commission Report, 
1906, page 31. . 


COST OF SMELTING ONE TON OF ZINC ORE WITH COAL FOR FUEL, AT A MODERN 
- PLANT IN THE UNITED STATES. 


PETIVPUOE OTIS AOD LOU Corin eet Le os ie Cs >. to 
RTE On Ce a Ue rns ae he i he oat e Pee 3.75 
UDO LOE Cla Watt anUU aie se ee RAG Ste Paw e ies 0.50 
Poepsrs. renewals: and supplies. yi eS ele ws. 0.80 
Sag (NG DAE ESIES 3578 TY § Rn girs Rau 0 COP 9 eA EO 1.10 
$ 10.90 

Interest and depreciation at 16% on $16.00.......... 2.56 

Mm Otal COSMPEE COMPON COLO, oe oe ee eo SL Tas Ss 13:46 


Note.—The cost at the present time would be higher than this owing to 
increased cost of labour and fuel. 


LOCATIONS FOR A ZINC SMELTER IN CANADA AND COST OF OPERATION. 


A zine smelter to operate at a profit in Canada would have to be located 
at a point where cheap fuel was available. It is also desirable that labour and 
supplies should be obtained at moderate rates; that the freight charges from the 
mine to the smelter should be as low as possible; that the residues from the 
zine smelter should be returned easily to a lead smelter for treatment, and that 
the freight charges from the zinc smelter to the market should be as low as 
possible. . 

It does not appear possible to find any place that entirely meets these 
requirements. A few may be considered:— 


1. A point in or near the Crows Nest Pass, using coal directly from the mines.—T he 
following estimate has been made of the cost of smelting one ton of zine 
ore at such a centre; the data were taken initially from the Zinc Com- 
mission Report, page 54, but the prices of labour and fuel have been 
altered in view of local conditions. A plant in the United States, using 
coal, would cost about $16.00 per yearly ton of ore, and a plant in Canada 
is estimated to cost 25% more than this, or $20.00 per yearly ton. 


for the fuel may be considerably higher than given in the table. An investi- 
gation of the cost of fuel gas to American zinc smelters in the year 1906 showed 
the average cost to be about 1.8c per thousand cubic feet. 
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COST OF SMELTING ONE TON OF ORE NEAR CROWS NEST PASS. 


LADO, os: TOCN-1Of DNS Ty At 0. sake ns vw ese $ 8.75 
Fuel, and reduction material, 24 tons of coal at $2.00...... 5.00 
Retort making, etc., 4 ton of fire-clay at $8.00............ 1.00 
DUD DOS WIRCRLISNOGUS iin tc itt oe ao eMetrics aia eee sae 
TROD ATES ANCL CROW RIN Gs. oii x gh wines eee. 4 1 x ate ee 1.00 
PUCLIVT TS COAL ON eo she bh in ¥ eo hw, Pani Zeke RE loa aie 1.00 
$ 17.00 
Interest and depreciation 16% on $20.00............. 3.20 
$ 20.20 
Freight on ore to Crows Nest Pass. ... 6 jcc. cee eee 2.50 
Freight on spelter to market 3 ton at $10.00............. 3.30 
$ 26.00 

Value of 1 ton of 45% zinc ore, Recovery at 80%, 720 lbs. 
RY | i 81 et 1 Rp eee ATs Sen ee nia RRR SSRIS «17x, $ 36.00 
Cost of mining and Gressing ore. ey. oo Secale etre ee 2.00 
Balance left for profit of miner and smelter........... 3s. (8:00 


The present practice of selling the ore in the United States leaves a clear 
return to the miner of $9.00 per ton after paying the United States duty of 
$1.10, the freight charge of $10.00 and the United States Smelter’s profit. 


It will be seen that the cost of smelting under these conditions would 
be about twice that of smelting with gas in the United States, and that 
there would be scarcely any profit available for the smelter and the miner; 
the return for the miner would be less than by the present practice of shipping 
tothe United States. 


An alternative scheme would be to place the smelter at some point in 
the Crows Nest Pass where coke is being made; to replace the present bee- 
hive ovens by modern ovens of the recovery type, and to use the surplus coal 
gas for operating the zinc smelter. It would appear that such a plant could 
be operated at a considerable saving on the above estimate. 


=> 


2. At Medicine Hat, or similar locality, where natural gas is available.—It 
would appear to be better to ship ore to some such point, rather than 
to smelt by means of coal in the Crows Nest Pass, provided of course 
that the supply of natural gas were found to be sufficiently large to last 
for a reasonable length of time. I have been informed that natural 
gas could be obtained by a zinc smelter in Medicine Hat, for as little 
as 2c per thousand cubic feet, provided the company operating the 
smelter were to drill their own gas wells. The following estimate 
will give an idea of the cost of smelting under these conditions, and the 
profit available from the treatment of one ton of ore. The cost of the 
plant is taken at $12.00 per yearly ton of ore, and interest and depre- 
ciation at 20% of this amount. 
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COST OF SMELTING ONE TON OF ORE BY NATURAL GAS IN CANADA. 


Pee Cre ee cee el Pa OSE A Ss So P00 
Reduction Miaverial (a ton at'oo.00)) 3.2 eS RS 1.50 - 
ENA Tae Basta COP ia Pl oe 8 eA FES 1.00 
Cha re tren ee Saat e se ak Oo A EEL 1.00 
POU Dieds es ones Ue ee: ee a. PRLYy ie ee, BO 25 
Re pears au FeRe Waser A ec eee hes 1.00 
ICAITEREL SOY aed eats ten certs, MASA FIG we TA, 1.50 
$12.95 
ineerest-nnd Gepreciation + e.g 4k So en ee 1, 2.40 
- Total cost of sinetting 140m o8 Ores tio. 835 DS So: “1515 
Freight on ore from mines to smelter.................... 3.00 
SANT Ee OTe ses rs CO Ree ele We Ras PE SOR 2.00 
Freight to market at $10.00 per ton of spelter............ 3.00 
Cost of producing and marketing the spelter from one ton of 
Reet Mia ee, etme eM Re ES Sk DS CN ea > 29.15 
Value of zinc in a 45% ore:—900 lbs, Recovery 80%—720 
RU Gert eo Ree ee eset Pls ota eee haus hie $ 36.00 
Prot 16% MUTA SIMCLLCE te ie bie Rae oer oe eke eda OS $ 12.85 


The net return to the miner for selling this ore in the United States would 
be $9.00 per ton. 


In the case of a smelter at Medicine Hat, the ore would incur a freight 
charge of some $3.00 per ton from the mine to the smelter, and it would also 
be necessary to carry the retort residues from Medicine Hat back to some point 
like Trail, where they could be smelted for the recovery of the lead and silver 
values. The amount of such residue would be about 70% of the original ore, 
and the freight might be about $4.00 per ton, corresponding to about $3.00 
per ton of the original ore. 


Size and Capacity of Zinc Smelters.—A zine smelting plant, in order to be 
operated economically, would need to be of such a size as to treat at least 25,000 
tons of ore yearly; such a plant costing some $500,000 if coal were used in gas 
_ producers, or somewhat less if natural gas were available. A plant of this 
capacity would be somewhat too small for obtaining the utmost economy of 
operation, while on the other hand, it would require about twice as much 
high grade zinc ore as is at present available in Canada. On this account 
alone, it appears inadvisable to undertake the erection of a Belgian zinc smelter 
in this country. 


The Frank Zinc Smelter.—About the year 1904 a smelting plant was 
erected at Frank, Alberta, by some French capitalists. The plant was 
badly designed, both in respect to the furnaces themselves and to the 
provisions for the economical handling of ore, materials and products. The 
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operations were not successful; only two carloads of spelter were pro- 
duced, and these probably cost from 10c to 20c per pound. The plant 
was designed for five furnace blocks containing 240 retorts each, and it 
would have had a smelting capacity of 18,000 tons of 45% ore per annum. 
It was impossible to obtain sufficient ore for the whole plant, and only two 
of the five furnaces were finished and operated. The retorts were made at the 
smelter, using a mixture of equal parts of local clay and fire-clay from St. 
Louis. Coal was obtained from a mine owned by the operators and located 
close to the plant. The cost of the coal was about $1.75 per ton, but the 
quality was much worse than had been anticipated; the ash amounting to about 
20%. The coal was used in Taylor gas producers. Ordinary labour cost 
$2.75 per shift, and skilled labour about $4.50 per shift. The skilled labour 
for the furnace construction and operation was brought from Kansas by the 
works superintendent, and the large amount and high cost of this labour 
was one element to the failure of the plant. The ore was ferruginous, and 
when the furnaces were heated sufficiently to distil the zinc, the retorts became 
slagged by theironin the ore. The failure of this enterprise may be put down 
to the following items:— 

1. High labour charges and too large a staff. 
Poor quality of coal. 
Insufficient supply and low grade of ore. 
Faulty design of furnace blocks. 
Faulty design of the Merton roasters used. 
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APPENDIX 5. 
PROCESSES FOR SMELTING COMPLEX ZINC ORES. 


Ores containing notable proportions of both zinc and lead are of little 
value to either the zinc smelter or the lead smelter. In the ordinary zine 
distilling process, lead in the ore ecorrodes the retort, and in addition, neces- 
sarily lowers the content of zinc in the ore and renders it too low grade for 
economical treatment. Similarly, if the ore is smelted for lead, the zinc is 
very harmful, as it interferes with the operation of the lead furnaces. In 
smelting these ores by the zinc process, the silver and most of the lead can be 
obtained by resmelting the residues. In smelting the ores by the lead process, 
the zine contents are entirely wasted. 

The need has been felt, for many years, of a process for treating these ores 
in such a way as to recover the zinc, lead and silver, both efficiently and econ- 
omically. Many processes have been devised, and some have been used 
commercially, but none of these is in commercial use on any large scale. 


I. DISTILLING THE ORE IN BRIQUETTES OR IN SPECIAL RETORTS. 
These are modifications of the distillation process that are applicable to 


zine ores containing too much lead to be treated by the ordinary methods. 
Messrs. Picard and Sulman devised a process which was tried at the Emu 
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works,in Wales where upwards of 4,000 tons of ore were treated by it during 
the year 1901, and it has later been tried at Cockle Creek, New South Wales. 

The process consists of mixing the roasted ore with about 20% of its 
weight of crushed coking coal; briquetting the mixture with about 5% of pitch, 
and distilling the zinc from the briquettes in retorts in the ordinary manner. 
The lead and silver are retained as metallic particles in the coherent residues 
of the briquettes, and therefore the lead does not corrode the retorts. It is 
also found that the spelter obtained is satisfactorily free from lead; the spelter 
averaging 99% of zinc and only 0.5% of lead, when obtained from ore containing 
25% of zine and 24% of lead: The opinion has been expressed that the satis- 
factory results obtained are due rather to the use of pitch in the charge, than 
to the briquetting of the ore. It should also be added that the retorts cannot 
have been heated very strongly, as the residues retained 5% to 8% of zine and 
only 70% of the zine in the ore was recovered. The retorts lasted on an 
average from 35 to 42 days. 

Another method of treating these ores by the Belgian process depends 
on the use of a special refractory retort. Benjamin Sadtler, of Denver, has 
invented a refractory lining, for the zinc retort, which consists of a layer, } 
of an inch thick, of some basic material such as magnesia or chromite applied, 
with a solution of silicate of soda, to the interior of the retort. Retorts 
prepared in this manner will serve to distil the zinc from leady or irony ores 
without suffering excessive corrosion, and have been in regular use for treating 
the leady ores of the Western States. 


II. PRODUCTION OF ZINC FUME IN THE BLAST FURNACE, ON THE WETHERILL 
GRATE, OR IN A DEDOLPH, OR FINK FURNACE. 


Zine ores cannot be smelted in the blast furnace, like ores of iron or lead 
for example, because the metal zinc is extremely volatile and its vapour is 
so easily oxidized. Even carbon dioxide or water vapour is sufficient to oxidize 
the zinc vapour and so prevent it becoming condensed in the metallic form. 
On account of its extreme volatility it is comparatively easy to expel the zinc 
from the ore, in a state of vapour, which can then be condensed in the form of 
an oxidized fume. The Wetherill process consists in mixing the roasted zine 
ore with anthracitic coal, and charging the mixture upon a bed of burning coal 
on 2 special grate supplied with a forced blast. .The zinc oxide is reduced to 
the metallic state, vaporized, and then reoxidized, forming a smoke of zinc 
oxide which passes away with the furnace gases, and after cooling to a low 
enough temperature is collected by filtration through muslin bags. Any ore 
dust carried mechanically from the furnace is allowed to settle from the gases 
before they reach the filter-bags, and in this way a clean white fume is obtained 
which constitutes a valuable paint. 

The process is used in New Jersey and Pennsylvania for the production 
of zine oxide from certain low grade ores which could not economically be con- 
verted into zinc by the ordinary process. Tests made upon the British Co- 
Jumbia ores with this process, show that a portion of the silver in the ore is 
earried over with the fume, and on this account it would not be possible to 
use the Wetherill process for the production of zinc white from argentiferous 
-zine-lead ores, as any silver in the fume would be wasted. The lead in the ore 
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is carried over quite as completely as the zine and the resulting leady-zine 
fume forms a satisfactory paint. 

In view of the fact that some 6,000 tons of zine white, costing over 4c. 
per pound, is imported annually into Canada it would be probably worth while 
to establish here a Wetherill plant for the treatment of the zine and zinc-lead 
ores that are sufficiently low in silver to be treated by this process. Such 
ores would amount to at least 5,000 tons per annum, containing from 35% to 
40% of zine and capable of producing over 2,000 tons of zine white for which 
there would be an ample market. 

The Wetherill process requires at least one ton of fuel for each ton of ore 
treated, and although this would not be an excessive charge on the production 
of a saleable paint, it prohibits the use of this process as a concentration oper- 
ation for the production of a lead-zine fume, containing silver, which must 
be later treated by some electric furnace or other process for the recovery 
of the contained metals. 

There appears to be no essential reason for this large consumption of fuel, 
when it is merely required to volatilize the zinc without regard to the colour 
of the resulting fume, and for the recovery of zinc from low grade ores free from 
gold, silver and copper, it would be worth while to experiment with a modified 
form of the Wetherill furnace arranged for continuous operation and with a 
greater depth of charge. Such a furnace should serve to remove the zinc as 
a fume from a 30% roasted ore with a consumption of some 30% of its weight 
of anthracite or coke; the residue being melted to a clinker and removed mechan- 
ically from the furnace. It is important to bear in mind that such a process 
could not well be applied to the treatment of finely divided materials such as 
concentrates produced by flotation or similar means; as the blast would carry 
a large portion of the finely divided ore out of the furnace in the form of dust. 
For the treatment of complex ores containing zinc, lead, silver and copper 
there are several processes depending on the same general principle by which 
the lead and zinc contents of an ore may be separated as a metallic fume at 
a reasonable cost. 

The F. L. Bartlett Process for the treatment of complex lead-zine sulphides 
consists of two operations. In the first, the raw sulphide ore containing over 
20% of zine, is crushed, mixed with 15% to 20% of small coal, and charged 
on to the perforated grate of the Bartlett “‘blowing-up’’ furnace. Nearly 
all the lead and part of the zinc is volatilized and recovered as a fume, leaving 
a clinker containing about 8% of sulphur, 15% of zine, 1% of copper and less 
than 1% of lead with nearly all the gold and silver of the ore. This clinker, 
with additional low grade sulphide ores of zinc, lead and copper is smelted 
in a low blast furnace, with 6% to 15% of coke, yielding a copper matte 
containing the gold and silver, and a fume containing the lead and zine. The 
slag from this operation retains from 3% to 15% of zine oxide. The Bartlett 
process has been in use at Canon City, Colorado and at Portland, Me.; further 
particulars will be found in Hofman’s Metallurgy of Lead. 

The Ellershausen Process has been tried in Wales and on a large scale at 
Angouleme in France. The ore, containing sulphides of zinc, lead and iron, 
with some silver, gold and copper is smelted raw in a blast furnace yielding a 
fume, a matte and a slag. The fume contains all the lead, nearly all the zine 
and about 50% of the silver of the ore, while the matte carries the copper, gold 
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and the remainder of the silver. The furnace gases pass into towers where 
the fume is collected by a spray of water. The zinc is largely present as 
soluble zine sulphate and can be separated by filtration from the lead and 
silver which remains as sulphides. The complete separation of these metals 
is effected by a somewhat complicated treatment with caustic soda. The 
zinc is ultimately recovered as oxide and the lead and silver as lead bullion. 
The process is no longer in use. 

Some recent attempts to solve the same problem have been made by 
Edward Dedolph, who employs a furnace shaped like a Briickner Roaster, the 
ore being fed in at one end and a flame of burning oil entering at the other. 
The zinc is reduced and volatilized with part of the lead, and the residue is 
available for smelting in a lead furnace. No information is available with — 
regard to the application of this process on a large scale, but tests are being 
made in the smelter at Trail. 

The Fink Furnace is essentially a basic copper converter, arranged for 
continuous or intermittent rotation, and provided with three or four lines 
of tuyeres. Its main function is the combined smelting and bessemerizing of 
sulphide copper ores, but it can also be employed for volatilizing the zine and 
lead from a complex sulphide ore, containing these metals and copper. The 
raw ores are smelted in the Fink furnace so as to form a copper matte and to 
volatilize most of the lead and zinc; nearly all the lead and about 60% of the 
zinc is volatilized during the smelting operation, and the copper matte serves 
to collect any gold or silver that may be present in the ore. The copper 
matte is then bessemerized in the same furnace while the remaining zine is 
nearly all driven off; an elimination of more than 90% of the zinc being obtained. 
Up to the present it has been found necessary to use an oil flame for heating 
the converter, and to mix a portion of fuel with the ore to insure the volatiliza- 
tion of the zine. 

Mr. Fink informs me that the amount of fuel required for smelting in 
his furnace will vary with the variety of ore treated, but should in no case 
exceed 35 U.S. gallons of fuel oil, or an equivalent amount of coal, per ton of 
ore charge. He States that in a recent test with Burma ore, containing 18% 
lead, 35% zine, 0.56% copper and 0.75% cobalt, he used 28 U.S. gallons of 
fuel oil for smelting each ton of ore, and 50 lbs. of coal for eliminating the zine 
during the bessemerizing period. In that test all the lead and 93% of the zinc 
were volatilized. — 

* Mr. Fink has worked out a process for recovering the zinc and lead from 
the fume obtained in the converting furnace. This is by the use of a vertical 
retort made of basic refractory material and arranged for the continuous 
distillation of zinc from the oxides of zine and lead. These oxides fume are 
mixed with crushed coke or coal, and are fed into the top of the retort after 
being heated to remove gases as far as possible. An excess of coke is employed 
so that the metallic lead, formed by reduction of the lead oxide, is held as shots 
in the powdery coke, and the residue is discharged at intervals from the bottom 
of the retort. The zinc in the charge is distilled and passes continuously into 
a lateral condenser. The zine retorts are large enough to treat 1,000 lbs. 
of material per day, and the charging and discharging are carried out mechan- 
ically, so that the labour required should be only one third of that needed for 
the standard Belgian process. The fuel used for heating the retorts is expected 
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to be 30% to 49% less than in the Belgian zine furnace. Full details of this 
process are not at present available, but the information at hand appears 
favourable to the success of the process. 

Other methods for the treatment of lead-zinec fume, when this contains 
silver and is therefore too valuable to be sold as a paint, would be by smelting 
the fume in an electric furnace, obtaining metallic zine and a lead bullion, or by 
treating the fume in some electrolytic process such as that of Mr. Watts, to 
be described later. 


III. ELECTRIC SMELTING OF ZINC ORES. 


In the ordinary Belgian process for distilling zine from its ore, the operation 
is carried out in retorts made of fire-clay. These are necessarily small in size— 
about eight inches in diameter and four feet long—because the heat must be 
transmitted from the burning fuel through the wall of the retort to heat up 
the charge of zine and coal. This is essential because zinc is so easily oxidized 
that the flame of the burning fuel cannot be allowed to come in contact with 
the zinc ore charge. Electrical heating has always appeared to be ideal for the 
distillation of zinc ores, because it can be applied within the mass of ore without 
the necessity of introducing any oxidizing gases as would be the case if fuel 
were used for heating. In this way the use of the small zinc retort is rendered 
unnecessary, and zine ores can be smelted in furnaces of a considerable size. 
Electrical heat is of course more expensive than heat produced by the com- 
bustion of fuel, but the use of fuel for heating the ore in the ordinary Belgian 
process is so inefficient that it will frequently be possible to replace it to ad- 
vantage by heat, provided by electrical energy, that can be produced within 
the mass of ore and therefore far more efficiently. 

As long ago as 1900 I had begun to look into the possibility of using 
electrical energy for smelting complex zinc ores, so as to obtain at one operation 
metallic zine and a lead bullion containing silver, and shortly after coming to 
McGill University I carried out some experiments with one of my students, 
Mr. L. B. Reynolds, on the smelting of British Columbia ores in an electric 
furnace. The experiments were successiul as far as the recovery of the metals, 
zine, lead and silver were concerned, but we were confronted by the difficulty 
of obtaining the zinc in the molten form; the whole of that metal being condensed 
as a metallic powder which could not be caused to run together into the molten 
condition. On this account the experiments were discontinued. 

Shortly after this, Mr. F. T. Snyder of Chicago, carried out a number 
of experiments on a somewhat larger scale in the same direction, and devised 
and patented quite a number of furnaces for the electrical smelting of zinc ores. 
With the assistance of the British Columbia Government, he put up about 
the year 1908, a smelter at Nelson, British Columbia, for the electric smelting 
of the British Columbia zinc-lead ores. This smelter included a large mechan- 
ical furnace for roasting the ores, and an electric furnace for smelting the 
roasted ore and distilling the zinc. Apparently Mr Snyder had not overcome 
the inherent difficulty of the process, and he was unable to obtain successful 
results with his smelter. His work was therefore given up, and the British 
Columbia Government took over the smelter in view of the money they had 
advanced towards its equipment. 
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In the year 1910 an investigation into the electric smelting of zinc ores 
was started in my laboratory at McGill University under instructions from 
Dr. Eugene Haanel, Director, Mines Branch, Ottawa, and with Mr. W. R. 
Ingalls as technical adviser. 

When zinc ores are smelted in an electric furnace the zinc vapour pro- 
duced condenses largely as a fine metallic dust known as “blue powder’ 
instead of forming molten spelter that can be poured into moulds. A large 
number of experiments were made to investigate the phenomenon, and al- 
thought the causes were fairly well ascertained we were not able to remove 
them entirely and to obtain a satisfactory condensation of the metal. In the 
meantime Mr. W. McA. Johnson, of Hartford, Connecticut, has spent a great 
deal of time, money and energy, in attacking the same problems, and ap- 
parently he has had a reasonable measure of success. His work has, however, 
been carried out behind closed doors, and full information has not been given 
in regard to the details of the furnace and operation, and the results ob- 
tained. 

The electric smelting of zinc ores has been tried by various experimenters 
in Europe and the Laval process has been in commercial operation for some 
years at Trollhattan in Sweden. The practice there is not materially in ad- 
vance of the experiments already described, and is only possible in view of very 
cheap electric power and other local conditions. In regard to the use of the 
electric furnace for smelting the lead-zinc ores of British Columbia, it may be 
stated in conclusion that it should be possible to smelt these ores economically 
with the recovery of a satisfactory proportion of the zinc, lead, silver, gold 
and copper contents, but that owing to the difficulty experienced in condensing 
the zinc te molten metal, the writer is of the opinion that this cannot be done 
by any electric furnace now in use. It is still possible that this difficulty may 
be overcome in one way or another and that electric smelting may become a 
commercial process for the treatment of these ores. 


IV. SULPHATE AND SULPHITE LEACHING PROCESSES, INCLUDING THOSE OF 
PARNELL, LETRANGE, FRENCH AND WATTS. 


The processes described in sections 1, 2 and 3 of this appendix have been 
furnace methods involving the fusion of the ore, or at least the reduction 
of zine oxide by means of carbon at high temperature, and the volatilization 
of the metallic zinc. There are a large number of processes in which furnace 
methods for smelting the ores or reducing the zine at high tenperatures are 
not employed. In these processes the essential operation is the treatment 
of the ore with some aqueous chemical reagent for the purpose of dissolving 
the zine from the ore; leaving undissolved the lead, gold and silver and the 
gangue of the ore. Such processes can be used to remove the zinc from a 
complex zinc, lead, and silver ore, obtaining the zinc in a solution from which it 
can be recovered, and leaving the lead and silver, freed from the zinc, and 
suitable for smelting by ordinary methods. In the absence of lead the zinc 
and the silver could be recovered separately from the ore by appropriate 
chemical treatments. 

These processes can be divided into:— 

(a) The formation of zinc sulphate, using sulphuric acid as a solvent 
usually after a sulphatizing roast. 
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(b) The formation of zinc sulphite using sulphurous acid as solvent, 
after an oxidizing roast. 

(c) The formation of zinc chloride, using hydrochloric acid as solvent, 
usually after a chloridizing roast. 

(d) The solution of zinc by means of ammonium compounds. 


After obtaining the zinc in solution by any of these methods it can be 
recovered either by precipitation as an oxide or similar compound, which 
needs further treatment to produce metallic zine, or the metal can be obtained 
at once by electrolysis of the sulphate or chloride solutions. The sulphate 
and sulphite processes are closely allied and will be considered in this section. 


Sulphate Processes.—Ores containing zine sulphide (blende or sphalerite) 
are roasted at a low temperature so as to form zine sulphate which is soluble 
in water. It is impossible to obtain all the zinc in a soluble condition, as an 
insoluble basic sulphate is always formed before the whole of the zine sulphide 
is acted on; hence in the leaching operation sulphuric acid as well as water 
must be added to effect the solution of the zine. Iron will also be dissolved 
to some extent thus rendering the solution impure. Any copper in the ore and 
some of the silver will enter the zinc solution. For the recovery of zinc from its 
oxide ores (calamine, ete.) a larger proportion of sulphuric acid would be needed. 
The solution of zine sulphate, after purification, can be evaporated and the 
zine sulphate crystallized out. There is a certain demand for this salt as a 
mordant in dyeing, as a preservative and in the manufacture of lithophone, 
some 300 tons of sulphate and chloride of zinc being imported annually into 
Canada, but for the production of metallic zinc the sulphate must be converted 
to oxide and smelted in the usual way, or, what is probably cheaper, the 
sulphate solution can be electrolysed using insoluble anodes for the production 
of spelter. 


The Parnell Process was in use in South Wales a few years ago. The ore, 
which contained from 15-85% of zine and 3-10% of lead was roasted at a 
low temperature in a muffle furnace for the formation of zine sulphate. It 
was then treated in lead pans with sulphuric acid which dissolved the zine 
and copper, leaving the iron, lead and gangue insoluble. The solution was 
treated with iron to remove the copper and was then evaporated until the 
zine sulphate became pastey. Finely crushed zine blende was then added 
and the mixture dried and heated in a muffle furnace, when the following 
reaction took place:— 

3 ZnO.SO3 + ZnS = 4 ZnO + 4802 


The resulting oxide of zinc was treated by the Belgian process and the SQ2 
used to make sulphuric acid for treating fresh quantities of the ore. 


The Letrange Process was tested on a large scale at St. Denis in France, 
about the year 1880. The ore (blende) was roasted with the ultimate for- 
mation of sulphates and oxide of zine. The roasted ore was treated with water 
and with the acid solution obtained by electrolysis. The zine sulphate solu- 
tion was transferred to electrolytic tanks where it was electrolysed using 
insoluble carbon anodes and brass or zine cathodes. The solution thus became 
poorer in zine and richer in sulphuric acid and was returned to the leaching 
tanks to dissolve more zine from the roasted ore. The deposited zinc when 
it became about 1/6 inch in thickness could be stripped off the cathode by means 
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of a knife. It was found, however, to contain iron which had been dissolved 
from the ore. Details about the current density, voltage, purification of the 
solution and character of the deposit are not available. 


Substantially the same process is now being tried at Trail, but the general — 
improvement that has taken place during the last ten or twenty years in crush- 
ing machinery, roasting furnaces and leaching apparatus may enable the 
present investigators to obtain better results and at a less cost than when the 
original process was tried. Lead sheets will now be used as anodes instead 
of carbon plates, as lead has been found to be a better anode material for use 
in sulphate solutions, while carbon is preferred in chlorides. At Trail the residue 
from the leaching operation contains lead and silver and will be smelted for 
these metals. 


The French Process differs from the Letrange process only in the use of 
“nitre cake’ (acid sulphate of soda) instead of sulphuric acid for dissolving 
the zinc from the roasted ore, and in having in the electrolyte a small amount 
of a manganese salt which is said to prevent polarization and deterioration of 
the anode. Nitre cake is a by-product from the manufacture of nitric and 
hydrochloric acids; it can be obtained in Victoria at $5.00 per ton from the 
chemical works. The following account of the process was given me by Mr. 
Thomas French, the son of the inventor. 


The ore is crushed to 30 mesh and roasted in a Wedge roaster to a mixture 
of sulphate and oxide of zinc, the roasting being regulated in view of the amount 
of sulphuric acid required. The roasted ore is treated with a solution of nitre 
eake containing about 17% of the acid sulphate, NaHSOuq; this is equal to 
10% of the normal sulphate, NagSQO, in the neutral solution. The solution 
also contains some manganese sulphate, equal to at least 0.1% of manganese. 
The acid sulphate reacts with zinc oxide in the ore to form normal sulphate 
of soda and zinc sulphate, according to the equation:— 


2 NaHSO4 + ZnO = NaeSO4 + ZnSO, + HeO 


The amount of zine taken up as sulphate varies from 5% to 10% of the 
solution and is usually about 7%. The solution is treated with the roasted 
ore until it becomes neutral. In this way any iron is precipitated, leaving 
a clean solution for electrolysis. The extraction of the zinc is carried out at 
about 53° C., the operation being conducted by means of agitation, settling and 
filter press, but.some ores can be leached in the ordinary manner. In the 
experimental work the extraction has been effected by agitation and de- 
cantation. The operation is carried out in two or more stages, so that 
the solution is neutralized with fresh ore before it is used for electrolysis, 
and the partially exhausted ore is thoroughly extracted with fresh acid 
solution. In the case of an ore containing 24% of lead and 24% of zine, an 
amount of zine equal to 2°7% of the original weight of the ore will remain in 
the residue, giving an extraction of 89%. After leaving the leaching apparatus, 
the solution passes through a purifier containing sheets of zinc which serve to 
precipitate any impurities it may contain. The solution then enters the 
electrolytic tanks which contain lead anode 1/12” thick and zine cathodes. 
Electrolysis serves to deposit zinc on the cathode and liberates sulphuric 
acid and oxygen at the anode, the sodium sulphate helping to carry the 
current. 
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The oxygen formed at the anode oxidises the manganese sulphate to 
sodium permanganate and this liberates manganese dioxide which falls to the 
bottom of the tank as a mud. The formation of manganese dioxide serves to 
lessen the polarizing action caused by the formation of oxygen at the anode, and 
to prevent the deterioration, by oxidation, of the lead anodes. The manganese 
dioxide is returned to the leaching vats where it serves to clean the solution. 

Electrolysis is carried out hot, the temperature of the solution rising to 
40° C. before it leaves the tanks. Electrolysis is continued until the solution 
contains only 1% of zinc and as much as 6% of free sulphuric acid. A current 
density of 10 to 20 amperes per square foot is employed; requiring, with a 
neutral solution, a voltage of 3.8 to 4.2. The neutral solution requires about 
4 volts and yields about 1.2 grammes of zinc per ampere hour (the theory is 
1.21 gram.) while an acid solution will only yield about 1.1 gram per ampere 


hour. As, however, the acid solution needs only 3 volts, on account of its ~ 


greater conductivity, the ultimate efficiency is greater. Moreover the zinc 
deposited from an acid solution is better and more metallic in appearance. 

The process is supposed to be dependent for its efficiency on the presence 
of sodium sulphate and manganese sulphate in the electrolyte, these sub- 
stances having the effect of preventing deterioration of the anode and of en- 
abling the zinc to be obtained with a smaller power consumption. The process 
requires on an average about 3000 k.w. hours per ton of zinc; that is, 1°5 k.w. 
hours per pound. 

The following estimate of cost for producing one ton of zinc was given by 
Mr. French. The ore contained 24% of zinc, 24% of lead, and 20 ounces 
of silver per ton; 80% of the zinc is supposed to be extracted. 


Cost of producing one ton of zine by the French Process.— 
G2 TONS OF DIE AG p00 irks hawk x eee plea ee we ae Ss 18.75 
Grinding and roasting the ore, including labour....... 12.00 
3600 k.w. hours and motor and dynamo losses, say 
4000 k.w. hours at $20.00h.p. year =0.306c perk.w.hr. 12.25 


Labtar and-inelon tight 24.00 
Dossiat ehemilcals ine: 4h icy cshin i sates oe eee eee 1.50 
Freight and marketing from British Columbia to Eng- 
PRS e yt Sancieye po be a ek Oa i kee aioe Os * Peat Soe vee 20.00 
Weprecationy ebe. ie Sia ehe 266 Bias ree ae aa er ie 6.50 
$ 95.00 
Assets per ton of zinc.— 
3.12 tons of residue at 48% lead at $9.00 per ton...... $ 28.00 
PUY SNe TT ee PRCA ele aay athe 4 ks ae eae eae 100.00 
20 ozs. silver x 64=125 ozs., less 5%=118°75 ozs. at 
SON As ACA Chea Degen ye We wg hg ax te ema AL © es 59.35 
$ 187.35 
TiN a OE oc te te aL oe eae 95.00 
PIURG Foe Oe eee Mee rend be rary eee $ 92.35 


The cost of production per ton of ore. ...$95.00 ~ 64—$15.20 
Profit per tan otarece fic ies 3 ss. x $92.35 => 64=$14.75 
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The cost of a plant for producing 100 tons of zinc per day and thus treat- 
ing 625 tons of ore daily would be about $1,000,000. Cost of plant per yearly 
ton of ore treated would be about $5.00. 


THE PRODUCTION OF ZINC BY ELECTROLYSIS OF SULPHATE SOLUTION. 


To produce metallic zine by the electrolysis of zine sulphate is not at all 
easy. If we start with a slightly acid solution of zine sulphate with an in- 
soluble anode and a metallic cathode, electrolysis will deposit zinc on the 
cathode and will liberate SO, at the anode. The SO, combines with water 
forming HeSO, and liberates oxygen which tends to attack the anode. As the 
action proceeds the electrolyte becomes poorer in zinc and richer in sulphuric 
acid which tends to redissolve the zine that has deposited on the cathode. 
Meanwhile the deposit of zinc which was smooth at the beginning has become 
rough and striated due to the liberation of hydrogen bubbles on its surface 
and may even become black and spongy. This poor deposit is unable to 
resist the attack of the increasingly acid solution, and after a time the de- 
position of zine practically stops. Many investigators have found, even if 
azine anode is used so that the electrolyte remains rich in zine and low in acid, 
that they could not produce a thick deposit of coherent zinc; the deposited 
metal becoming unsatisfactory after a few hours of electrolysis. The presence 
of basic zine salts appears to be one cause of trouble and the growth of zinc 
trees is another, as the metal deposits rapidly on these projecting points and 
the rate of deposit on the rest of the plate becomes too small, resulting in the 
formation of spongy zine. When insoluble anodes are used (as is necessary 
when we wish to obtain the metal from its compound) the conditions become 
rapidly worse, as the solution becomes poorer in zine and at the same time it 
becomes richer in acid. 

In spite of the difficulties which undoubtedly attend the production of 
electrolytic zinc, several workers are now able to obtain satisfactory deposits 
and to continue these for perhaps six days, so that we may consider that these 
difficulties have been overcome to a reasonable extent. 


It may be stated ina general way that the solutions should contain about 
5-10 grams of zinc per 100 c.c. of solution with perhaps 0.1 gram of free sul- 
phurie acid; other salts such as sodium or ammonium sulphate added to the 
solution are favourable as they increase the conductivity, and certain organic 
additions, notably colloids, assist in producing a smooth deposit. The elec- 
trolysis may be carried out cold, but a slight rise of temperature appears 
to be beneficial both in regard to the economy of the operation (by increasing 
the conductivity) and in respect to the smoothness of the deposit. The current 
density usually employed is about 10 amperes per square foot and this needs 
about 4 volts with insoluble anodes. 

The next difficulty is in regard to the nature of the anodes. Anodes of 
Acheson graphite are found to answer well in chloride solutions, but they 
disintegrate when used in sulphate solutions, and lead anodes have usually 
been employed. The lead becomes peroxidized on the surface, and the scale 
of oxide tends to become detached, thus exposing the lead to further attacks. 
Lead plates will last a considerable time, however, and they may be made to 
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last still longer by using them at first in an alkaline electrolyte which has the 
effect of forming a more adherent coat of oxide. 


The same difficulty has been experienced in working out methods for the 
recovery of copper from its ore by electrolysis of copper sulphate, and it has 
been overcome by the use of magnetite electrodes. ‘These are made by melt- 
ing magnetite in an electric furnace and casting it around a wire net. Another 
successful anode is made by depositing lead peroxide electrolytically on carbon 
rods. It seems probable that magnetite electrodes can be used to advantage 
for the electrolysis of zinc sulphate. Even after the electrolysis is finished, 
a heavy loss, even 20% to 25%, may be experienced in melting the deposited 
zine after this has been stripped from the cathode plates. A better method 
appears to be to dip the electrode into molten zine covered with a flux, whereby 
the loss can be kept down to about 3% of the weight of the deposit. 

Professor J. W. Richards* points out that it is easy to misunderstand and 
misuse the process of obtaining zinc sulphate from an ore and recovering the 
zinc by electrolysis. In roasting the ore it is usual to try to make as much 
sulphuric acid as possible so as to form the soluble zinc sulphate, and then 
during electrolysis the sulphuric acid is liberated and causes increasing dif- 
ficulty. It would be more logical, he says, to roast the ore to zine oxide and 
to use this for neutralizing the acid formed during electrolysis. He suggests 
the use of two-compartment cells with thin diaphragms, passing the zine 
bearing solution through the cathode compartments first, where zinc is de- 
posited from a slightly acid solution; next through the anode compartments, 
where the solution becomes strongly acid, and then through the ore-leaching 
tanks, where the acid is neutralized in dissolving fresh amounts of zinc oxide. 


This principle has been utilized in the Siemens-Halske processes for treat- 
ing ores of copper and of zinc, and in a simplified form in the Watts process 
for zine ores; the oxidized ore being placed in the anode compartment of the 
electrolytic cell where it is directly acted on by sulphuric acid liberated at 
the anode. 

The Bisulphite Process depends on the fact that zine oxide will dissolve 
in a solution of SOg forming the bisulphite ZnHe(SO3)2 and that on expelling 
the excess of SOg the zinc is precipitated as the normal sulphite ZnSO3. 

These reactions have been known for some time and were employed by the 
late Dr. Karl Hoepfner to extract zine from its ores, but he converted the 
sulphite to chloride and electrolysed that with insoluble anodes, obtaining 
metallic zine and chlorine. The method employed at present is to roast the 
sulphite precipitate to oxide which is then reduced to zine by the ordinary 
Belgian method. 

The Bisulphite process is being operated at Llansamlet in Wales by the 
British Metals Extraction Company, who claim an extraction of 90% of the 
zine from a 30% ore; thus leaving a residue with less than 8% of zine. The 
cost of operating is not stated, but the reagent used, sulphurous acid, is obtained 
directly from the gases produced in roasting the ore and there is no cost for 
materials except for fuel for roasting and for power. On the other hand the 
process does not produce metallic zinc, but only an oxide to be worked up by 
other methods. 


*J. W. Richards, Trans. Amer. Electrochem. Soc., Vol. XXV. page 288. 
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The Watts Process.—Mr. E. E. Watts, M.Sc., a recent student of Queen’s 
University has done some very careful work with the intention of developing 
a process for treating the complex Sullivan ore. He studied the effect of 
roasting the ore at different temperatures, and leached the roasted ore with 
water, sulphuric acid and sulphurous acid; finding that the latter produced 
the best extraction. For this treatment with SOz2 moreover the ore could 
be roasted at a higher temperature than if zinc sulphate were to be formed, 
thus obtaining a quicker roast and leaving the iron of the ore in a less soluble 
condition. The ore employed contained:— 


31.2% Zine. 13.4% Iron. 
10.1% Lead 12.8% Silica. 
31.0% Sulphur. 3.2% Alumina. 
3.1 ozs. Silver. trace Lime. “d 


The roasting was started at 650° or 700° C. and was continued up to 850° C. 
and the ore was then ground to pass an 80 mesh sieve before leaching. The 
extraction of the zinc, after a leach of 45 minutes with SOg solution, was 87% 
and the residue contained 16% of lead and under 8% of zine and could there- 
fore be smelted for lead. 


The zine sulphite precipitate is usually roasted to oxide and treated by 
the Belgian process, but as this is not in use in Canada, Mr. Watts tried to 
produce the metal by electrolysis of the bisulphite solution. No satisfactory 
deposit could be obtained from this or from a solution of zine sulphate to 
which the sulphite precipitate was added. He found, however, that a good 
deposit could be obtained by using a zinc sulphate solution and periodically 
adding zinc oxide, obtained by roasting the sulphite precipitate. In later 
work he enclosed the insoluble (lead) anodes in a muslin or canvas bag and 
added the oxide in this bag. With this arrangement satisfactory deposits 
of electrolytic zinc can be obtained using a current of about 10 amperes per 
square foot and needing about 4 volts to maintain this current. 


Mr. Watts has extended his process to the treatment of zinc oxide made 
by the Wetherill process and to high grade zinc ores that have been roasted and 
finely crushed. In the treatment of ores there will be a considerable residue in 
the anode compartments and means must be devised for removing this mechan- 
ically. 


The essential principle in the Watts process is the production of zinc 
by electrolysis of the sulphate which is kept up to strength by zinc oxide added 
in a porous compartment containing the insoluble anode. The oxide pro- 
duced may be a roasted ore or may be obtained by the Wetherill or the Bi- 
sulphite process. The Watts process differs from the Letrange or the French 
processes in combining the electrolytic and the leaching vats into one; a prin- 
ciple which has been used for other metals such as copper, but not before for 
zinc. 


Mr. Watts has carried out some of his later tests in my laboratory and, 
while I am not at liberty to give full details of his work, I can say that the 
process appears to me to be very promising, and will probably be put to a 
commercial test in the near future. 
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V. CHLORIDE PROCESSES INCLUDING THE HOEPFNER PROCESS. 


In the preceding section the separation of zinc from its ores was effected 
by sulphuric or sulphurous acid, both of which can be obtained from the gases 
produced in roasting the sulphide ores of zine. Other processes have been 
devised in which zinc chloride is produced instead of zine sulphate or sulphite. 
Such processes involve the use of hydrochloric acid to dissolve the zine from an 
oxide or roasted ore, or the production of hydrochloric acid by roasting the 
ore with common salt. Such processes must therefore be more costly than 
those in which no such reagent is needed, but the electrolytic chloride methods 
produce chlorine as a by-product without extra expense. The amount of 
zinc deposited per ampere hour from a chloride solution is just the same as 
from a sulphate solution and the voltage required is also about the same. 


An early process was that of Maxwell Lyte, who proposed to treat a 
complex ore by hydrochloric acid so as to dissolve both the zine and the lead 
as chlorides. The solution is passed over metallic zine which serves to pre- 
cipitate the lead in the metallic state and the zinc is precipitated as oxide by 
means of lime. 


The Héepfner Process.—Hoéepfner established and operated plants in 
Germany, England and Austria for recovering zinc from zinciferous pyrites 
cinders containing about 10% of that metal. This material was roasted 
with common salt so that the zine, which was mostly as ZnS, reacted with the 
sodium chloride to form zine chloride and sodium sulphate. These salts were 
leached out of the ore and the sulphate of soda was recovered by cooling the 
solution. The remaining solution was oxidized by bleaching powder and the 
impurities removed by precipitation first by calcium carbonate and then by 
zinc dust. The purified solution was electrolysed, using carbon anodes and 
a diaphragm between the anode and the cathode, with the production of 
metallic zine and chlorine. 

The Hoepfner process has the advantage of producing chlorine and sodium 
sulphate as by-products in addition to the zine, but the process was very com- 
plicated and it has been abandoned in favour of simpler processes. 


VI. EXTRACTION OF ZINC FROM ITS ORES BY MEANS OF AMMONIUM COMPOUNDS. 


Proposals have been made to extract zinc from its ores by means of 
ammonia or ammonium compounds. The best solvent appears to be a solu- 
tion of ammonium carbonate containing 7% or 8% each of ammonia and of 
carbonic acid. Zine can be precipitated from this solution as a basic car- 
bonate by distilling off the ammonia and the excess of carbonic acid. The 
method is too costly for the extraction of zinc from poor ores and need not 
be considered further. 


VII. CHLORINE SMELTING: THE SWINBURNE AND ASHCROFT CHLORINE SMELTING 
PROCESS. 


This is a method for the treatment of mixed sulphide ores such as those 
of zine and lead. The ore, consisting of sulphides of lead, zinc, iron, and 
manganese, with some silver, is decomposed by the action of dry chlorine at 
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a temperature of 600° C., or 700° C., in a special vessel called a transformer, 
forming a fused mixture of chlorides of the metals. The sulphur comes off 
in the free state, and can be condensed and saved, while the earthy matter 
or gangue, from the ore, remains suspended in the fused chlorides. Enough 
heat is produced by the reaction to keep the transformer at the right temper- 
ature, which can be regulated by passing the chlorine more or less rapidly. 
When the vessel is full of chlorides they are tapped out, leaving enough behind 
to serve as a molten bath into which more ore can be charged, and through 
which the chlorine can be passed. The molten chlorides are treated with 
lead, which serves to remove the silver, and with zinc to remove the lead. 
The remaining chlorides are dissolved in water, separated from the gangue by 
filtration, and the iron and manganese precipitated chemically by the addition 
of chlorine and zine oxide, leaving a solution of zine chloride only. This 
solution is evaporated, and then fused and electrolyzed. The products are 
molten zinc, which is tapped off at intervals, and chlorine, which is compressed 
and used again for the treatment of fresh quantities of ore. The process is one 
of great interest, and is applicable to very many complex ores which are dif- 
ficult to treat by other methods. It is self-contained, and does not require 
any expensive reagents, as the chlorine for the transformer is produced in the 
electrolysis of the zine chloride, but the operations are somewhat complicated, 
and would need very careful attention. The only commercial installation 
is at a plant of the Castner-Kellner Co., which has a supply of chlorine from 
other processes, and uses it for the treatment of complex ores as described 
above, but omits the final electrolysis obtaining the zinc in the form of chloride. 


VIII. A COMPARISON OF THE PROCESSES AVAILABLE FOR THE PRODUCTION OF 
ZINC FROM COMPLEX AND LOW GRADE ORES. 


After having given a description of a number of the processes that have 
been tried for this purpose it may be possible to learn something by attempting 
a comparison between them. In the first place these processes may be classi- 
fied in respect to the effect they produce. 


1. Processes that serve to recover zinc from the ores, but leave it in an oxidized 
condition. 

The Wetherill and similar processes do this; producing an oxide of zinc 
or a lead-zince oxide. 

The bisulphite process obtains the same result, except that in the case 
of a complex ore the zinc only is removed and converted into oxide, while the 
lead remains with the gangue and can be smelted separately. 

The Parnell process produces the same results as the bisulphite, but it 
is more costly in operation and has therefore been superceded. 


2. Processes that produce metallic zine from the low grade and complex ores” 
The Letrange and French processes and possibly the Watts process ac- 
complish this, leaving the lead with the gangue to be smelted separately. 
The modified Belgian methods of Picard and Sulman and of Sadtler 
also produce metallic zinc and leave the lead for subsequent smelting. 
Electric smelting produces metallic zinc and also metallic lead at one 
operation. 
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8. Processes that convert zinc oxide, made under head 1, into metallic spelter. 


The ordinary Belgian process. 
The Watts process (using oxide in the anode compartment). 
The electric furnace. 


In view of the fact that most of these processes are still in the experimental 
stage it is well to compare them in view of the purpose each can effect, coupled 
with any essential elements of cost or efficiency of which we have knowledge, 
rather than to put much stress upon the degree of success that has already 
been attained. 

Under heading 1 we have to compare the furnace method of producing 
zine oxide or zinc-lead oxide with the chemical bisulphite process. 

Material treated.—Sulphide ores of zinc or zine and lead should be roasted 
to oxides before treatment by the Wetherill or bisulphite processes. The 
Wetherill requires a coarsely crushed ore while the bisulphite needs it in a 
fine powder. 

Requirements:—The Wetherill process uses 1 ton of coal per ton of ore 
treated but it seems reasonable to suppose that one-third of this would be 
sufficient under more favourable conditions. The bisulphite process employs 
sulphurous acid which is produced in roasting the ore. The other elements 
of cost are not well known, but it seems probable that the bisulphite process 
will cost less, per ton of ore, than the Wetherill. 


Results obtained.—The Wetherill process removes all the lead, 85-90% of 
the zine and about half the silver and delivers them in a fume of nearly pure 
oxides of zinc and lead. The bisulphite process separates about 90% of the 
zinc as a sulphite precipitate which must be roasted to oxide and leaves the 
lead and silver in the residue. This residue would need agglomerating before 
it could be smelted for lead. 


Application.—For a low grade zine ore free from lead and silver either 
method could be used except that a finely divided concentrate would be un- 
suitable for the Wetherill process. For an ore containing zinc, lead and silver, 
the bisulphite! process would be the more suitable as it produces two clean 
products; zine oxide and a silver-lead residue for smelting. On the whole it 
appears as if the bisulphite process were better suited than the Wetherill to 
the treatment of the average complex ores such as are found in British Co- 
lumbia. These ores could be dressed carefully to remove the gangue without 
attempting to separate the lead and zinc, and the galena-blende concentrates 
could be roasted and treated by the bisulphite process so as to produce a pure 
zine oxide and a smelting silver-lead ore. the zine oxide could easily be turned 
into spelter by the Watts process. 

Under heading 2 we have three kinds of process to compare. The dis- 
tillation processes of Picard and Sulman, and of Sadtler are suitable for ores 
that are rich in zine but have too much lead and iron for the ordinary process. 
The operating cost and losses of zinc become rapidly higher, per pound of 
spelter, as the percentage of zinc in the ore decreases. For ores low in zinc 
it is probable that the electrolytic processes would be more economical, be- 
cause one important element of cost, the power consumption, is proportional 
to the amount of zine produced, while in the distillation processes the amount 
of fuel and the other elements of expense depend mainly on the amount of ore 
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to be treated. The electric furnace has the advantage of producing metallic 
lead as well as metallic zinc, but the disadvantage (at present) of yielding the 
zinc mostly as a powder. With very cheap power it might be profitable to 
smelt a complex ore mainly for a silver-lead bullion, obtaining as a by-product 
a metallic zinc fume that could be worked up by electrolysis, by fusion under a 
flux, or by a second distillation in the electric furnace. Considering the electro- 
lytic processes, both the Letrange and French processes should serve to produce 
metallic zine and a smelting lead ore economically from the complex ores. The 
Watts process may possibly prove suitable for the direct treatment of ores. 
Comparing some elements of cost in these processes. The electrolytic processes 
are mostly dependent on the cost of electrical power. If this costs $20.00 per 
h.p. year, the cost per k.w. hour will be 0°306c. The power consumption 
per pound of zinc made will be about 2 k.w. hours, or allowing for losses 
0'7c. For treating a 30% ore, yielding 600 lbs. of zine, the cost will be 
$4.20 per ton. Smelting the same ore in the electric furnace, the power con- 
sumption would be about 2100 k.w. hours including the redistillation of the blue 
powder. This at 0°306c is $6.42, or allowing for stand-by losses, say $7.00 per ton. 
The electric smelting produces lead bullion and may therefore be credited wit 
the cost of smelting, say, 0°6 ton of lead residue at $5.00 that is $3.00, leaving a 
net power cost of $4.00 for the zine in the ore. In other words the cost of 
electric smelting, allowing for resmelting the blue powder, is decidedly higher than 
the cost of an electrolytic process, but taking into account the fact that a lead 
bullion is produced by the electric furnace and not by the other method, there 
is not much difference in essential costs between the two processes. 

Under heading 3. The three processes can all make good spelter from the 
pure oxide. The Belgian process would use, say, 2 tons of coal for fuel per 
ton of ore, costing at $2.00 per ton of coal, $4.00 per ton of ore. The Watts 
process costs, say, 0°7c for power per lb. of zinc, or $10.00 per ton of ore. The 
electric furnace uses, say, 2500 k.w. hours per ton of ore, costing 0°3c per k.w. 
hour, or $7.50 per ton of ore. The Watts process might save 5-10% more 
zine than the other processes, say, 100 lbs. which at 5c would be worth $5.00 
per ton of ore. This would make it as economical as the Belgian process and 
more so than electric smelting. At higher prices of spelter there would be 
still more advantage in a process that has a high recovery of metal. 

Generally. There still remain for consideration the combinations of 
processes under heads 1 and 3 as compared with a single process under head 2. 
Thus we may treat an ore by the bisulphite process and work up the zinc 


- oxide from that by the Watts process, or we may treat the ore directly by the 


French process or in the electric furnace. Such comparison would be very 
lengthy and enough has perhaps been said already in view of the limited data 
at our disposal. 


APPENDIX VI. 
THE REFINING OF ZINC 


Nearly all the metals in ordinary use need refining to render them suf- 
ficiently pure for many of the purposes to which they are to be applied. Thus pig 
ron is refined by blowing air through it in the Bessemer converter—producing 
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steel; copper, lead and tin are also refined by exposing them to air, in the molten 
condition, whereby the impurities, which are more easily oxidized than the 
metal that is being refined, are removed as oxides in the form of a slag. 

The metal zine, however, is far more easily oxidized than the other metals 
and consequently cannot be freed from its impurities by any system of oxida- 
tion. The method of refining usually employed for zinc is to keep it molten 
at a low temperature in order to allow the separation by liquation of the ad- 
mixed metals such as lead and iron; this method does not serve to produce 
a very pure grade of spelter and is merely useful for improving the more 
impure varieties. 

Pure zine can be produced by electrolysis, as in the case of copper, or by 
redistillation, but these methods are very little used except for the production 
of chemically pure zine for use by chemists. The spelter obtained by the dis- 
tillation of the purer varieties of zinc ore is freer from impurities than zine 
that has been refined by the ordinary process, and is used for all commercial 
purposes, such as the manufacture of brass for. cartridge making, where a 
pure zinc is essential. 

Commercial spelter contains 98 to 99°96 % of zinc; a trace to 1°8% of lead; 
0°01 to 0°08% of iron; a trace to 0°8% of cadmium, and occasionally small 
quantities of arsenic, antimony, copper, silica, sulphur and carbon. High 
grade American spelters, such as the well known Bertha spelter, contain only 
0°01 to 0°02% of lead and 0°01 to 0°02% of iron. American prime Western 
spelter contains 0°4 to 10% of lead and 0°02 to 0°05% of iron. 

The American Society for testing Materials has adopted the following 
classification of the grades of spelter; the figures representing the maximum 
percentage of impurities allowable. 


Total 

Grade Lead Iron Cadmium impurities 
High Grade..0 )) 4.0.5 — 0'07% 0°03% 0°05% 0°10% 
Intermediate. ........ 0°20% 0°03% 0°50% 0°50% 
Brass Special......... 0°75% 0°04% 0° 75% 1°20% 


Prime Western........ 1°50% Ol ORFs. Wigs ROAST i ae 


Zine refining is not practised in the United States, but in Europe the 
liquation process is used in some localities for the treatment of spelters that are 
rich in lead and iron. The metal is melted in a reverberatory furnace and kept — 
at a temperature just above its melting point. The lead, in excess of about 
1%, tends to separate by gravity from the zinc, forming a layer in the bottom 
of the furnace, while the iron separates in a mushy layer between the lead and the 
zine. Dross caused by oxidation of the zinc is skimmed off the surface and the 
purified zine can be ladled out of the furnace from time to time, making up 
the quantity with fresh additions of crude spelter. The lead and iron are 
allowed to accumulate in the furnace until they are sufficient in amount to be 
worth removing. Molten zinc retains from 1°0 to 1°5% of lead even when 
cooled to its melting temperature, and it is not possible by this process to refine 
the zine below about 1°2% of lead. The furnace holds about 30 tons of metal 
and treats 9 to 10 tons per 24 hours. The consumption of coal is about 8 to 
10% and the loss of zine by drossing about 15%. The separated lead retains 
over 1% of zinc. 
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Electrolytic refining of zinc is seldom employed to any considerable extent. 
The operation is substantially the same as in copper refining using a slightly 
acid solution of zinc sulphate and alkaline sulphates with cast anodes of impure 
spelter and cathodes of sheet zinc or sheet copper. The current density would 
be 10 to 15 amperes per square foot, that is the same as in copper refining, 
but the voltage required would be from 0°5 to 1°0 volt, or about twice as much 
as in copper refining. The power consumption per pound of metal would 
also be about twice as great. Electrolytic zinc refining is far more difficult 
to carry out than is copper refining, and there is less need for it as the best 
grades of spelter are pure enough for any purpose while the poorer grades 
can be used in other ways. 


6. STATISTICS OF ZINC AND ZINC PRODUCTS IN 
CANADA. 


ZINC 


The production of zinc ore in Canada in 1918, as obtained 
by direct returns from producers, was 7,889 tons, valued at 
$180,827, the greater part being from British Columbia. The 
zine content of these shipments was returned as 7,069,800 lbs., 
which if valued at the average New York price of spelter during 
the year, 5.648 cents, would be worth $399,802. 

The ore shipped from British Columbia contains also a 
varying silver content, for which payment is made by the smelters, 
and without which, on account of the import duty to the United 
States and the long rail haul, it would not in many cases pay 
to ship. 

The British Columbia shipments were heavy as a result of 
the activity of the Slocan mines and mills. There were also ship- 
ments from Notre Dame des Anges, Portneuf county, Quebec. 

During the year the new United States customs tariff came 
into effect, considerably reducing the duties payable on Canadian 
ores, the new items affecting Canadian shipments being:— 

Zine ores containing 25 per cent. or more zinc; 10 per cent. 

on zinc contained therein. 

Lead-bearing ore: 2 cent per pound on lead contained therein. 

Although not paid for by the United States smelters, the lead 
in ore is considered dutiable and as there is often a small lead 
content in the zinc ore or concentrates shipped, the lead duty 
applies. The result of the decreased duties has been a consider- 
able increase in zinc shipments. 
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During 1918 there were received at American smelting 
works from Canadian mines 7,074 tons of zinc concentrates, 
containing 5,941,727 pounds of zinc. 


In 1912 these works reported the receipt of 7,190 tons 
containing 6,392,983 pounds of zinc. 

The imports of zinc, taken as an index of consumption, 
show a fairly steady increase. The total imports of zinc in 
blocks, pigs and spelter, were in 1880 some 744 tons; in 1889 
they had risen to 1,427 tons and remained fairly stationary 
the next ten years. In 1899 they were 1,213 tons and rose to 
4,110 for the fiscal year 1909. ; 


During the calendar year 19138 the imports were 8,664 tons. 
of zinc, in addition to which there were 6,341 tons of zine 
white, zinc manufactures to the value of $54,898, 206 tons of 
zine dust, valued at $26,403; and 317 tons of sulphate and 
chloride of zinc, valued at $17,424. 


Statistics of the production and imports of zinc, and the 
average monthly prices of spelter on the New York and London 
markets, are given in the following tables:— 


ANNUAL PRODUCTION OF ZINC. 


ZINC ORE SHIPPED | METALLIC ZINC IN ORE SHIPPED 


Calendar Year Tons Spot value | Lbs. Final value 
$ § | 

TBO R BRR perch ee Loy a Side aks dbp 11,000 788,000 36,011 
VEO Reo rahe oie s+ high as 865 18,165 814,000 46,805 
LOOOMAR Benge ie karte) ep ke wee. 261 4,810 212,000 9,342 
LNEIY Coney eae th ore EE Shel Mes a Ae owe nes (iy eee MEN Tat ON na Pet een ee * 
D0 De ts pics tte os Soe ce 158 1; 659 142 ,200 6,882 
RO Bie Miler eect aks Bicticans vate Vas 1,000 10,500 900, 000 48, 660 
PQA rte ee ede onan hore ede 597 3,700 . 477,568 24,256 
LUCY O Ye go on a GR Reeth gin F 9,413 139,200 * * 
WOO G ae seme teks Ske Lactate 1,154 23 , 800 * a 
CLUS Cy bee Sta SON a ena 1,573 49,100 a 
LOD GMMR Ree Ein ce St sa eR as 452 3,215 * 43 
aL OUT Neat Ee Redes een gency ete eee 18,371 242,699 16,468,204 906 , 245 
LOO Tene Ath tos ate ie lsat 5,063 120,003 4 e6h, ale 240,766 
VOLT a eee AR eh en ee 2,590 101,072 2,346,849 135 , 132 
NOLES coh teak a Meat A GiePTe cede Aa 6,415 215,149 5,354,700 871,777 
BONS eat al CP nee has abe eheae ar 7,889 186,827 7,069, 800 399,302 
LOTATS Be ee crue ei ae 10,893 262,563 9,101,460 474,459 


*Figures not available. 
tincludes 7, 424 tons shipped late in 1908. 
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IMPORTS OF ZINC IN BLOCKS, PIGS, AND SHEETS. 


Fiscal Year Cwt. Value ||Fiscal Year| Cwt. Value ||Fiscal Year| Cwt. 
$ $ 
PBSO li Sess ABSSOSIEKGCECCST IE ESI yes ZLGOoL lle UpoOst|  LOO4s os a. 25,553 
1Niakay) (PR teceae etree 20,920! 94, 015)) 28935... 2 26,446). 124,360)]| 1905..... 25,341 
ESOS 7c) acct ES VOZTIE 6, 631i" t894e . 20,774| 90,680); 1906..... 24,462 
PSO a ote Ze COO Soa COON ea OOO ser is 15,061) 63,373|} 1907 (9m)| 18,427 
1884. 48,945) 17,378 1896 Be oats ZO 22a 80 164i) 1908.7... 30,362 
SSO seer rehash 20795410 10% BOSE LEO Tee... 946) bts Tos! 909: 26,222 
PSS Gi sce kelok 23,146} 85,599}; 1898..... 85,148] 112,785|| Cal’der yr. 
OO Lh wo aie ou acs LOPLI BVOMOO hed OOO m neg Loe {coo tes i Di Gaye SATA TR ON ICN A aoe 31,660 
i behets arene nee 16,407} 65,827); 1900..... AoglSoeLoos LOT LOUIE xen. 33,678 
TSS OOS nce 192732). 83,935) 1901s oe. DORKS MOST AOU LOLene tee 100,095 
TS90: ore fod TSEZSO se 925 OS0l el O02 eee 34,871) 141,560}| 1918....° 47,226 
TE OL ce tiers Le 984i" LOS 023i 90d ass 26,646] 142,827|) 1914..... 31,609 
IMPORTS OF SPELTER.* 
| 
Fiscal Year Cwt. Value ||Fiscal Year} Cwt. Value Fiscal Year| Cwt. | 
$ $ 
SOO ese 1,073 DROOL ASD 2a one 13,909} 62,550]) 1904..... 33,952 
i Seca eee Z 0A NZ ne COl Sooke. LOW at PAO BZA 190 ures 87,941 
MSS 2 cae eee ances 1,654 TUCO NL SOA saree 8,423) sos61 5) 1906 22... 50,137, 
iheyss eer ey PORE 24 Be 196 TSO | aes 9,249} 30,245|| 1907 (9ms| 42,465 
ibegey WTR aD. tes 2239 eel OTT | led SOGnmia ate 10,897} 40,548]} 1908..... 65,593: 
ESS eee zs 332) el ON SUOH |S LSI Ts cree 8,342] 32,826]| 1909..... 55,981) 
SSO Sete 5,432) 18,238]| 1898..... 2,794) 13,561!|Cal’dar yr. 
ESS peter acted 6,908) 25,007|| 1899..... 5,450} 29,687]; 1910..... 109 , 084 
BOO nos tae ons Tila 2OeO2 te LOO) wen SrSoole SOLALOHV AOL bese, 116,996 
TSS One sme 8,760) 37,403) (P1901 TAMGZ Tos eae ler Olle 1.4 117,845 
SO Our occur PART OWn dln baal OO2m ars TSRSDOWN COs LOM LOLs a eas 126,051 
1891 6,249 S1459N 1903 aie 22 TOO ALON ST ie LOLA, 29 108,454 
IMPORTS OF ZINC, MANUFACTURES OF. 
Fiscal Year | Value Fiscal Year Value Fiscal Year 
$ sy 
BeBOe Fo SAP LOO Ge eg seo ely as RE O68 AA G04 GR 
shed bo Oe oc ae ZORMT Sis \= ESOS eee tae To AGA MUOO SiGe oa ake es ee 
a | TS S2ENE LS9A Ge 6) TIS NOT90G eo aici 85 48 
SSO: oo Penne OO RBSOROe ISIS Tee bey eae 5,581 j| 1907 (9 mos.)..... 
PES OAS 5 5.5:cla dike tere TIE SH 2G LSS G cee ene eee SOO IE POOR ore ta bhatt 
PS SDe. 5 12. aes | 0 | oof far een Soap hoc) i AA ee 
BS OM oc eee 7,345 || 1898. 10,503 ‘| Calendar Year. 
MAD Teh. cities toe GP BG Tie A ASIO? Ste re ee TASGG LEA OL ORS sys eas se 
BSGSes.. 2 etek TE AO 2 te OOO Mice can ants TPAD eel OL Denn ek wy ene 
CS eee Pee eho O leone tare cote eres 6, 882 TOW re tases Sta 
SPOON SS. divest GRAGZON LOO Ze. Ue gana 6, 683 1109) ee ate aeRO By Re crt 
TEDL ee \ Fe Satta OO a ehce. nin tene ere ane pe 9,754 OTA esse er een een: 


*Spelter in b 


Value 


$ 
138 , 057 
141,514 
158 , 438 
126,221 
191,081 
141,066 


191,051 
206,859 
617, 836 
291,368 
189,785 


164,751 
206,244 
290,686 
269,044 
314,369 
310,688 


561,170 
654, 097 
686,585 
661,207 
551, 081 


ee ee ee eee eee ee eee 


locks and pigs. 


226 


IMPORTS OF ZINC, OTHER PRODUCTS OF. 


ZINC WHITE ZINC DUST ZINC SULPHATE AND 
Calendar Year CHLORIDE 

Pounds Value Pounds Value Pounds Value 

———. 
$ $ | $ 

iL OWO TAs mers sheet oe phe 8,496,399 312,779 97,461 4,859 237,466 6,470 
DOT Bias, Sica Bias reich te 8,537,498 314,194 86,242 5,718 414,500 15,930 
Ot Bae bath Gis pees 10,505,944 425,714 308,239 18,944 941,780 29,104 
ODS Seen tees erator 12,682,126 525,643 412,294 26,403 634,634 17,424 
OLAS eta beret, non ewan 9,445,397 389,796 362,109 84,295 302,715 9,390 


WORLD’S PRODUCTION OF SPELTER IN SHORT TONS.* 


Country 1908 1909 1910 1911 | 1912 


oe 1913 

AUR ANIA SF on tea 5s hale cy 5 FB ND ee ee ee 560 1,904 2,531 4,105 
Austria and Italy....... 14,063 13,931 14,666 18,602 21,609 23,856 
per Ta bo pa acento 181,851 | 184,194 | 190,233 | 215,050 | 220,678 | 217,941 
France and Spain...... 61,512 61,859 65,191 70,791 79,543 78,293 
CGOTMANY Tsoi cu Ca athe 239,062 ; 242,594 | 251,046 | 276,008 | 298,794 | 311,914 
Great Britain... 0.4. 60,029 65 , 422 69.531 73 , 803 63 , 086 65,201 
TIOURTIORS 5 eb oat 22 19,017 21,548 23,121 25,059 26,380 26,813 
POM ot oe oma 2 9,740 8,758 9,514 10,952 9,659 9,520 
United States... ........ 210,424 | 255,760 | 269,184 | 286,526 | 338,806 | 346,676 
IV GEWAY So .3 ec ain se a tbe see L htrnr Yat ree ea, Bisel aiie e 7,363 8,959 19,040 

LOBOS sc tap wee te 796,896 | 854,066 | 893,046 | 986,058 1,070,045 | 1,103,359 


} ‘ 
é 


WORLD’S CONSUMPTION OF SPELTER IN SHORT TONS.* 


Country 1908 1909 1910 | 1911 | 1912 | 1913 


Austria-Hungary....... 35,935 36,155 37,258 47,950 51,588 44 ,533 
ES GIANTS «cei cty, Skis aavenee 74,956 71,209 84,326 81,240 85,098 84,216 
LESH 0 Cy Rd ee BE 85,869 73 , 744 62,059 90,389 90,389 89,286 
Ronin y Se oe tone 5 198,634 207 sats 203 ,374 241,734 248,899 255,734 
Great Britain. & ..<..a<% 152,669 171,408 195,989 193 , 674 204,146 214,508 
UGA TIC 0k bechcs cleat 4,189 4,409 4,409 4,409 4,409 4,409 
DEAN Veer eet Le conceit te 9,259 9,039 8,929 Lies 11,795 12,015 
RORSIG Ain hires pas ae 19,621 20 , 282 27,447 31,856 80,754 36,707 
SSI... seu tahoe eames 5,512 4,960 4,630 6,291 5,181 6,503 
United States- 0... 1. wan 214,167 270,730 245 , 884 280,059 340 ,372 295,370 
Other countries........ 11,023 9,921 13,669 19,621 21,715 | 23,038 

"Pobaleeo5 toe de 811,834 879 , 200 887,974 {1,007,356 |1,094,346 1,066,319 


*Mineral Resources of the United States. 
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AVERAGE MONTHLY PRICE OF SPELTER PER POUND 
IN NEW YORK.* 


Month! 1903 | 1904 | 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 
Jan...| 4.865) 4.863) 6.190) 6 fe 6.732} 4.513) 5.141} 6.101) 5.452) 6.442 ee 5.262 
Feb...| 5.043) 4.916] 6.189] 6.075 6.814] 4.785) 4.889] 5.569] 5.518] 6.499] 6.239 5.377 
Mar..| 5.349, 5.057| 6.067) 6.209 6.837) 4.665) 4.757| 5.637) 5.563) 6.626) 6.078 5.250 
Apr...| 5.550 5.219) 5.817] 6.087 6.687) 4.645) 4.965) 5.439] 5.399] 6.633 5.641. 5.113 
May.. 5.639, 5.031] 5.484) 5.997 6.441] 4.008) 5.124) 5.191) 5.348) 6.679 5.406 5.074 
June..| 5.697) 4.760) 5.190) 6.096 6.419) 4.543) 5.402} 5.128) 5.520) 6.877) 5.124 5.000 
July..| 5.662) 4.873! 5.396] 6.006 6.072] 4.485) 5.402) 5.152) 5.695) 7.116) 5.278 4.920 
Aug..| 5.725) 4.866} 5.706] 6.027 5.701] 4.702) 5.729) 5.279] 5.953) 7.028 5.658 5.568 
Sept. .| 5.686 5.046! 5.887| 6.216, 5.236] 4.769} 5.796) 5.514] 5.869) 7.454 5.694 5.380 
Oct....| 5.510) 5.181} 6.087) 6 222, 5.430} 4.801) 6.199} 5.628) 6.102) 7.426 5.340 4.909 
Nov...; 5.088 5.513) 6.145) 6.375 4.925) 5.059) 6.381) 5.976) 6.380; 7.3871, 5.229 5.112 
Dec... 4.731) 5.872) 6.522) 6 593, 4.254) 5.1387) 6.249) 5.624) 6.301) 7.162, 5.154 5.592 
Year.| 5.40 | 5.160} 5.822) 6 198 5.962} 4.726) 5.503| 5.520) 5.758) 6.943, 5.648 5.213 


AVERAGE PRICES OF SPELTER, ORDINARY BRANDS, 


IN LONDON.}+ 
Month 1904 1905 1906 1907 1908 
Se Spa. foe Steed Lae Siar Sasa as &- os. A 

January...... Pei be Tar ZAOT LO te Ag Zour OMn & 2iaiag tie B 20 Ore Ss 
February..... PH Ba) 5) 24 10 6 20a 4 Z2OCe Le Oe Zen Oke 
ES a Alen co CO Zong Lowe O 24 15 3 26 4 0S PA otc [sna es: 
hg ae 22 eon L 238 14 3 PAS) Sh 3! 25 17 5 ole Omran L 
Ca are Pa PE ANY, ome ds cS 2 ORE 2 25 14 2 20) +72) 10 
RAP ais 5 sis oe 21° 14> "<6 Zoe LOS att: Sag) THe) 2AP2 LONE Z BUS Nese ci 
ey ws cers Zon ae Oo vias Sue NS Jee 260 66) 201 2d0e Sa UE fl Sie Ase 
August Bae | a ec: 24 14 6 2.0) 45 Paps VA REEL LOT Cem 9) 
September....} 22 11 5 26. 8) sao PAI AER 2 ee Ole GEL ees Z 
October...... Zoey ceed Supe ers wall Zilepetoy LO Zige LZ LOS Loan L 
November....| 24 12 9 250) LOmetl PG, aU Sor NRE Zila eae pe ZOE ie 
December....| 24 17 1 200 LASS Ey PAL rt 8) Were, 20 deo 20m hres vas 

RViCaEN + 54.3). 7A A Zoek limes PAL fe SSE iss 23 16 9 2ON oceO 


*From the Engineering and Mining Journal, N.Y. 


{From the annual publication of the Metallgesellschaft, etc., of Frankfort-on-the-Main, 
Germany. 
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AVERAGE PRICES OF SPELTER, ORDINARY BRANDS, 
IN LONDON—(Continued). 


Month 1909 1910 1911 1912 1913 
FAO Smee Bs ed - es: Aegean 6 heen d £ os d 

DaNUAly's wc ore 21 eG ees Oy eked 10 25) 9 LG) wud 26° 49.51% 25. 19 - Ss 
February..... Dil Seek O Zon woue el Zone oe a0 26° > 6. eb 25h: oa ae 
Marek snc. 3.) Dil es ae S 23 SEO nel 2219) yee Dye Set yd 24.11 _ 34 
LN eal igs lS Dl Oat Paes con Ba 237 C13" eas ZO) ore 25-2 a 
NERY, SSeicnse fit Dl Reed OO re Te ORS 2A Ros eh 2b shipeee 24. FO 
PUINELE erie v7 nc Oe byt PPS MO. DARIO” on v4 Ses Uy Viens 21) 19 sth 
UL Vars conbruec ete DAS SS our 9 ADRS Sia © 24 13 104 PAR 4 20.11 ee 
Angustucwienes 22 BOS tS D2 whan ~O 26iia Tl caer ee PAR BP ES 20) aa 
September....| 22 17 1 VAR 7 Aaa Es Dhiee de, Or 26) Wee OA OS ae 
October... ..s)- ie na 23 alow 6s ral Pree pee U. Zhe Oly LO 20) 13's sas 
November....| 23 2 1 24 ssp 4 9 26° SASS 26° 14a 553 20% 14. ee 
December: sai) hoo eee TE Ti St RS 26 13 3 26. Oe 21s > Gees 

YY Gare. ep Hass Mee care Aaa V} DEN cot tae PA Sine Utena! O22 1A ae 


CANADIAN IMPORTS OF ZINC. 


Compiled in Statistician’s Office, Mines Branch. Calendar year 
ending December 31st. 


| 
| 
| 


1912. | 


| 1913. | 1914: 
|| Lbs. Value || Lbs. | Value | Lbs. | Value 
| | | 
Bars, blocks, pigs, sheets. $ $ | $ 
and plates.......... 10,009,500] 617,836! 4,722,600) 291,368 3,160,900) 189,785 
Salaries ticn eas. heres 11,784,500} 866,585 12,605,100} 661,207 |10,845,400| 551,031 
Zae WHI 4. <a. wien; /|10,505,944| 425,714 12,682,126]  525,643| 9,445,397) 389,796 
Manufactures of...... era eok say 46,386]|.......... 5478981. < poy. kos 36,355 
Caner Wh <eobccs: won 4 || 308,239 18,944 412,294 26,403 | 362,109 34,295 
Zine, sulphate and chlor | 
tie Olio cede sk secre 941,780 29,104 634,634 17,424) 352,715 9,390 
Rat 0 ER STS SEN | ik 2G. Sk le 2 ae 
Pee es 1,824,519) Jes ncae’s kl, BIG OES. Ces es ee 


SPELTER PRICES, PRODUCTION AND CONSUMPTION. 
Prices.—New York. 


Average during 1914............. 5.30 per lb. 

Highest during past 10 years...... 7.65.1n 1912. 

Lowest during past 10 years...... 4.35 in 1907 and 1908. 
Highest during past 30 years...... 7.65 in 1912. 


Lowest during past 30 years...... 3.10 in 1895. 
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Production.— 
Wnited stares 191468 ee. 360,689 tons. 
United States:in' 1904... .. 0... |: 186,702 tons. 
United States in 1906............ 224,770 tons. 
Consumption.— 
United‘ States-in 1914... 0. ue, 313,748 tons. 
United States in 1906............ 220,781 tons. 


7. MEMORANDUM ON THE ZINC RESOURCES OF 
CANADA. 


BY DR. A. W. G. WILSON. 


The ore of zine commonly found in Canada is the sulphide, 
zine blende. It is usually found in close association with galena, 
the sulphide of lead. Zinc blende has been found in a great 
number of localities throughout the different provinces of Canada 
and small trial shipments of ore have been made from time to 
time both to the United States and Europe. The total pro- 
duction of Eastern Canada has been very small and no really 
important discoveries of zine ore are at present known. 


In the Province of Quebec, at Notre Dame des Anges, 
on the north side of the St. Lawrence River, an occurrence of 
zinc blende almost free from lead has been receiving some at- 
tention. Shipments in excess of a thousand tons of ore, carrying 
slightly less than 37 per cent. of zinc, have been made within 
the last two years. Further development work has shown the 
existence of considerable ore, and I understand that a new 
concentrating plant has been erected at the mine. This dis- 
covery is one of considerable promise. 

The occurrence of zinc and lead ores on Calumet Island 
has been known for many years. Exploration work has shown 
the existence of a small quantity of mixed sulphide ores, but 
the work does not appear to have proven the existence of a 
large tonnage. A modern concentrating mill, capable of treating 
about 150 tons of ore per day, was erected on the property, 
but was only operated for about six weeks. There have been 
several trial shipments, but it has not yet been brought to the 
commercial producing stage. 
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The silver-lead-zine deposits of British Columbia have 
been known for many years, and at the present time are those 
of most importance. In the year 1906 a special Commission 
was appointed by the Dominion Government to report on the 
zine resources of British Columbia and the conditions affecting 
their exploitation. The situation today is essentially the same 
as it was at the time the Commission made its investigations, 
with the exception that the known supplies of low grade zine 
ores are much greater than they were in 1906, and the high 
grade ores are, if anything, somewhat smaller in amount, a 
considerable quantity having been mined and shipped since 
that date. The report of the Commission contains reports 
on all the known zine deposits of the Province, and reports 
on most of the prospects. Since the report was written only 
about half a dozen new properties have been further developed. 
The following notes include extracts from the report of the Zine 
Commission :— 


Character of B.C. Zine Ores. 


“The zine ore so far produced in British Columbia has been blende. 
No calamine has been shipped and the existence of any important supply 
of that class of ore has not yet been reported. The blende has been shipped 
partly as handsorted, lump ore, partly as mill-concentrate. The former 
has been of the higher grade in zinc. The grade of the mill-concentrate is 
reduced by the intermixture of siderite and pyrites, which occur commonly 
with the blende of the Slocan and cannot be satisfactorily separated by ord- 
inary mechanical concentration.” 

It may be added that the ores, as shipped, contained a 
considerable quantity of silver. If they did not contain silver 
as well as zinc, it is doubtful if it would pay to mine and ship 
them to a foreign market. 


Market for the Ores. 


The zine ore which has been heretofore produced in British 
Columbia has been marketed chiefly in the United States, the 
smelters at Pueblo, Colorado, and at several points in Kansas, 
Oklahoma, and Illinois having been the principal buyers. A 
comparatively small quantity has been exported to Europe. 


Zinc Mines of British Columbia. 


The report of the Zine Commission contains detailed reports 
on the various zinc mines of the province, prepared by Mr. 
Philip Argall, Mr. Alfred C. Garde, and Dr. Alfred E. Barlow. 
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The Chief Commissioner, Mr. Walter Renton Ingalls, of New 
York, summarizes the various reports and presents certain 
observations of his own of the mines in West Kootenay and 
East Kootenay. He states that certain of the mines in West 
Kootenay are essentially zinc mines, but the majority are 
essentially silver-lead mines in which zine blende occurs as an 
accessory ore. 

“In this respect they differ in no wise from many other mines in the Rocky 
Mountains from British Columbia to Mexico, in which zine blende occurs in 
association with galena, pyrite, and other argentiferous and auriferous 
minerals.”’ 

“The increased demand for zinc ore during the last few years, which is 
by all means likely to continue, has made valuable as a by-product in many 
cases what was formerly an objectionable impurity to be culled out so far as 
possible and thrown on the dump. This represents precisely the situation 
in connection with the majority of the mines of the Slocan. There are com- 
paratively few which can be worked profitably as zinc mines; there are many 
which are worked for silver-lead ores, wherein the zinc ore will be a valuable 
by-product.” “The yield of silver-lead ore will always be the dominating 
factor in the operation of these mines.” 


Productive Capacity. 


“The method of development in the mines in the Slocan has been such 
that at the present time there is comparatively little ore that can be estimated 
as blocked out’’.—————_—_””. The present lack of development, together 
with the irregularity of the ore bodies, makes it difficult to formulate any 
reliable estimate of the zine producing capacity of the Slocan.’”’ Mr. Ingalls 
concludes—‘“‘All things considered, it is probable that 15,000 tons of zine ore 
of 50 per cent. grade would be a liberal estimate for the productive capacity 
of the Slocan.”’ 


With respect to the mines of the Ainsworth camp, Mr. 
Argall, one of the Commissioners, considered that from the 
developments in 1906, about 54 tons daily of 50 per cent. zine 
concentrate might be looked for, and that it was possible that 
they might be able to attain an output of 100 tons daily of 
45-50 per cent. grade in the course of a few years if the extensive 
deposits were mined and milled on a scale commensurate with 
their magnitude. These estimates, which correspond to 16,000- 
30,000 tons per annum, are judged by Mr. Ingalls to be extremely 
liberal. | 

Since the preparation of the report of the Commission, 
a good deal of the zinc ore that was then available has been 
mined and shipped. Several new properties have also been 
discovered, and a few have been operated as zinc mines. The 
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most important of these is the Standard mine located near 
Silverton, B.C. According to the report of Provincial Miner- 
alogist Robertson, this mine is to be credited with a production 
of about 4,000,000 Ibs. of zine in 1914, or more than half the 
total production of the province. 


Recent extensive development work at the Sullivan mine 
(now owned and controlled by the Consolidated Mining and 
Smelting Company of Canada, with smelting works and an 
electrolytic lead refinery at Trail, B.C.) has shown the existence 
of large bodies of mixed sulphides, containing both zine and lead. 
These sulphides are so intimately mixed that it is not possible to 
separate them by the ordinary methods. Concentrates from Sul- 
livan ores would contain about 30 per cent. zinc and a considerable 
quantity of lead. They can only be treated economically by 
some process capable of recovering both the lead and the zinc 
and satisfactory recoveries cannot be attained with any of the 
methods now in use. 


In general it may be said that only a very small tonnage 
of strictly zine ores are available in British Columbia. Most 
of the ores containing zinc are complex silver-lead ores in which 
the zine blende must be considered as a by-product, and which 
must usually be removed to improve the quality of the silver-lead 
ore. This by-product must be separated from the galena and 
other sulphides by special treatment, and the resulting concen- 
trates usually retain a small percentage of the lead and consider- 
able quantities of the iron-containing minerals (pyrite, pyrrhotite, 
siderite) all of which are found in the ore as mined. It is much 
easier to produce a concentrate comparatively low in zinc, say, 
about 30 per cent., than one containing 45 per cent. or over, 
the amount demanded by the present market. The percentage 
of the zinc ore lost in concentrating would also be less. 


The greater portion of the ore occurring in the largest 
ore bodies yet developed (there are probably over a million 
tons available) consists of an intimate mixture of blende and 
galena associated with other minerals. The methods of treat- 
ment at present in vogue necessitate the sacrificing of one metal 
in the recovery of the other, and also make this recovery more 
expensive. 
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Present Production. 


The production of zine ores from the mines in British 
Columbia has been steadily increasing during the last few years. 
The production in 1912, according to the report of the Pro- 
vincial Mineralogist, was 5,358,280 pounds. In 1913 it was 
6,758,768 pounds, and in 1914 it was 7,866,000 pounds. These 
figures represent the zinc contained in the ores and concentrates 
shipped from British Columbia; a deduction of about 15 per cent. 
would have to be made for each year to approximate the amount of 
zine that was probably recovered from these ores. 


The total Canadian production of zine in 1914 was about 
8,568,000 pounds, of which about 85 per cent. would be recovered 
the balance representing treatment losses. 


Present Consumption. 


On the basis of statistics compiled in the Statistical Division 
of the Mines Branch, Ottawa, the total zinc imported into 
Canada in 1912 was about 35,015,000 pounds. The imports 
decreased to 31,356,000 pounds in 1913, and show a still further 
decline to about 23,274,000 pounds in 1914. This includes 
metallic zinc in all forms, zine white, zinc sulphate, zine chloride, 
and the zinc contained in brass. There is also a small amount 
of brass imported in manufactured forms, the weights of which 
are not recorded in the published returns issued by the Depart- 
ment of Customs, and it is therefore not possible to include the 
contained zinc in the figures given above. 


By comparing the figures representing the annual pro- 
_ duction with those given above for the annual imports, it will 
be noted that the imports vary from three to five times the 
production. The import figures do not exactly represent -the 
home consumption because a small amount of brass and gal- 
vanized iron are exported each year. It is not possible to estimate 
the amount of the zinc exported in these items because the 
Department of Customs does not distinguish in its records 
between galvanized and ungalvanized iron. 


Assuming the home consumption at normal times to be 
30,000,000 pounds of zinc, including zinc in all forms, or 15,000 
tons per annum, the annual output of 30 per cent. zine ore 
that would be required to furnish this amount of zinc, allowing 
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5 per cent. for losses in treatment, would have to be 60,000 tons, 
or about 165 tons per day. If ore or concentrates containing, 
on the average, 45 per cent. zinc are demanded, the annual 
requirements would be 40,000 tons per annum, or slightly over 
100 tons per day, allowing in this case for a smelting loss of 15 
per cent. of the zinc contained in the ore. 


CONCLUSIONS. 


In conclusion it may be stated that our known zinc ores 
are for the most part complex mixtures of galena, blende, and 
pyrite, pyrrhotite or siderite, with various gangue minerals. 
They also contain varying amounts of silver. Only a small 
portion of these ores is known to be amenable to present methods 
of treatment for the recovery of each of the valuable consti- 
tuents of the ore, and the recovery of any one constituent, 
silver, lead, or zinc always involves, by present processes, the 
loss of a certain percentage of the other constituents. 


Under present conditions the tonnage of high grade zinc 
ores or concentrates that could be produced from the known 
deposits would not be sufficient to support a smelter, provided 
the smelter were operated on a commercial basis. The possible 
production is not equal to the present Canadian requirements. 


If a process were designed to recover the zinc as well as the 
other valuable constituents from lower grade ores than those 
now demanded by the present process, it is probable that British 
Columbia alone could produce a sufficient tonnage of this ore 
(containing say 30 per cent. of zinc and 20 per cent. of lead, 
and any silver that may be present) to supply the Canadian zinc 
requirements for a period at least as long as the probable life 
of the plant treating the ores. 
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SECTION XII. 


EDMUND B. KIRBY, 

Consulting Mining Engineer and Metallurgist, 

910 Security Building, St. Louis, Mo. 
R. 2855, 120 Broadway, 
New York, June 22, 1916. 
Col. David Carnegie, | 
Munitions Commission, 
Ottawa, Canada. 


Dear Sir:— 


THE ELECTRO-CHEMICAL AND ELECTRO-METALLURGICAL 
INDUSTRIES AND ELECTROLYTIC ZINC. 


The zine situation about which information is desired is 
merely one detail of the general problem which presents itself 
to the Canadian Government with respect to the electro-chem- 
ical and electro-metallurgical industries. It so happens that 
conditions created by the war have made it both advisable 
and necessary to take up this problem without delay and fur- 
thermore they have provided an opportunity for solving it 
which will not appear again. 

The water power resources of Eastern Canada occupy a 
remarkable strategic position in the industrial development 
of Eastern North America. Located along the United States 
border, they constitute to her centres of population and’ in- 
dustry the nearest supply of cheap electric current. To Europe 
in general and to England in particular they present the only 
supply which can compete to some degree with that of Norway 
and Sweden. 

The advantage possessed by Norway and Sweden is the 
combination of low installation and operating costs coupled 
with locations upon tide water and proximity to the markets of 
Europe. This advantage will be so counterbalanced by other 
factors for some products that Canada can compete with Norway 
and Sweden in European markets but for all electro products 
used in war, she remains the only source of supply for England 
which is under the British flag. The lesson taught by the war 
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that every Nation must henceforth be self-sustaining, and that it 
must establish within its own borders the means of supply for 
all vital needs, makes it necessary for England to establish 
the required plants in Canada and to maintain them against the 
industrial advantages of Norway. 

One of the consequences of the situation described is that 
Eastern Canada is destined to draw to itself the principal electro- 
chemical and electro-metallurgical industries of Kastern North 
America. Norway has long foreseen that these industries will 
form her part in the development of Europe and aided largely 
by German capital and to some extent by British capital, she 
has been concentrating efforts upon the rapid development of 
electrical industries. 

For American markets, the natural superiority of Canada 
for many products is unquestioned and if the development 
of the industries mentioned was a free and untrammelled process 
like the development of agriculture or of the more simple man- 
ufactures, it would proceed rapidly enough without notice or 
aid from the Government. As a matter of fact, however, 
its progress is so restricted and so handicapped by artificial 
conditions that without prompt action by the Government, 
Canada will have to wait a generation for something she could 
have immediately. The reasons for this situation will be clear 
from a consideration of the peculiarities of the industry. 

The efficiency and adaptability of electric energy in the 
chemical transformation of materials has long been recognized 
but even after supplies of cheap current became available, the 
commercial applications to these purposes at first proceeded 
step by step and very slowly. Now the whole industrial world 
seems to have suddenly awakened to the importance of the new 
field. 

Electric refining, at first applied to copper only, is now being 
extended to all the metals and the electric current is also em- 
ployed in their extraction from the ores. The manufacture 
of ferro-alloys of chromium, vanadium, molybdenum, tungsten, 
titanium, silicon, ete. required for special steels of every des- 
cription, has assumed an importance which is rapidly increasing. 
The production of aluminum, of calcium carbide, of the abrasives, 
of new refractory materials, of graphite, etc., has already created 
large industries. Sodium compounds and other well-known 
chemicals have -long been manufactured by electrolysis. The 
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fixation of nitrogen with its many subsidiary industries, the re- 
duction of magnesium and the production of innumerable chem- 
ical compounds known at present only to the special trades which 
require them, are now under commercial development. 

In the development of all these industries, every forward 
step is covered by patents. These often lie several deep upon 
apparatus and processes and are frequently the occasion for liti- 
gation which delays industrial development. To monoply through 
patents is often added monoply through control of the raw 
materials or control of the market for the product so that many 
of the industries mentioned are already under the control of 
the well-known trusts whose policies in the location of plants 
are influenced by many considerations other than mere economy 
in power costs. 

To the artificial constraints imposed by monoply, the tariff, 
etc., has recently been added the policy adopted by the Cana- 
dian Government of placing the chief burden of war taxes upon 
industries rather than upon natural resources. The natural 
industrial conditions affecting the location of new plants such 
as the supplies of electric current, raw materials and labour 
and also the facilities for transportation and marketing would 
even now favour Canada against the United States for many 
products and the number of these would be rapidly enlarged 
with the growth of Canadian industry. The artificial constraints 
mentioned on the contrary all operate against Canada. Being 
purely artificial, it is within the power of the Canadian Govern- 
ment to remove or to counterbalance them and there should be 
no delay in taking the necessary steps for this purpose. 

Roughly speaking, the cost of electric current is about 15% 
of the total cost in metal refining and about 30 to 40% in the 
other electro-chemical and electro-metallurgical industries, [ff 
the cost of current per kilowatt-hour at a Canadian location is 
assumed as one-half to two-thirds of that to be obtained at an 
equivalent location in the United States, then the Canadian 
location would offer an electric current saving of something 
like 5 to 7% of the total cost in metal refining and 12 to 18% in 
the other industries. This advantage will steadily increase as 
electric current in the Eastern United States becomes more and 
more valuable for power and lighting purposes. 

While economy in current will often be counter-balanced 
by the marketing and other advantages of operations near the 
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great industrial centres, it will, on the whole, steadily draw to 

Canada the industries, in question, but it will do so very slowly. 

To this situation the war has brought an opportunity for 

bringing about this development quickly, but in order to take 

advantage of the opportunity it will be necessary for the Govern- 
ment of Canada to act and to do so in co-operation with the British 

Government. 

For every electro-chemical and electro-metallurgical product 
which can be utilized by the British Government and which 
can be’ made economically in Canada, the owners of the 
manufacturing patents should be presented with alternatives 
substantially on the following lines. 

1. They shall proceed at once to construct a Canadian plant 
of specified size, receiving in consideration a contract 
from the British Government for the product at a price 
or profit which will be made sufficient to return the in- 
vestment together with a satisfactory profit upon it. 

2. In case of failure to act, the Canadian Government itself, 
either directly or through its appointees, will proceed to 
construct and operate the plant under a corresponding 
arrangement with the British Government. The capital 
required would be provided by securities based upon the 
enterprise itself and made sufficiently attractive to Can- 
adian or foreign investors. A reasonable royalty fixed 
by suitable methods would be paid to the patent owners 
or in cases of patent litigation, would be set aside to 
await its outcome. 

This exercise of the supreme power for the public welfare 
would be placed upon the same legal basis as those innumerable 
acts in which the Governments of Germany, Great Britain, 
France, etc., have either taken over private rights or have in- 
itiated industries which are usually left to private enterprise. 
If the Canadian and British Governments through this power 
should create certain industries in order to provide for their 
war needs, they would naturally continue to protect the capital 
invested in them. As a matter of fact, the only thing which 
such an exercise of supreme power would take from the patent 
owners would be their monoply power to exact more than a 


reasonable royalty or to block industrial development. The’ 


financial powers could not logically object to this deprivation, 
while public sentiment everywhere would heartily approve it. 
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ELECTROLYTIC ZINC AND THE ZINC INDUSTRY. 


It is now clear that a profound re-adjustment is about 
to take place in this industry caused principally by two factors, 
the recent establishment of oil flotation processes and the com- 
mercial development now underway, of processes which replace 
zine smelting and produce electrolytic zinc. 


Zine minerals are. very common constituents of the ores 
of the world but are found most abundantly in mixed ores 
where blende, the sulphide of zinc, is accompanied by sulphides 
of the other metals. These mixtures of various minerals have 
been so expensive to treat that most of the zinc supply of the 
world hitherto has come from the more simple zinc ores, the 
supply of which is restricted to certain districts. These ores 
are milled at the mines by a standard process of water con- 
centration which removes the rocky portion of the ore at the 
same time separating out any lead or iron minerals present 
and collects the clean zinc mineral in a condensed form as con- 
centrates suitable for shipment to zinc smelters. This con- 
centrate amounting to only one-fifteenth to one-twenty-fifth 
of the original ore mined, is itself bought and sold by the trade 
under the name of “zine ore’. It contains 45-60% of zinc 
and 25-30% sulphur. The smelters which consume 3.5 to 4.0 
tons of very cheap coal or its equivalent in natural gas for each 
ton of concentrate treated, have to be located near supplies 
of very cheap fuel and good clay. 


The open competition to which the business has always 
been subject has long compelled the utilization of the sulphur 
contents for the manufacture of sulphuric acid, about 1 ton 
of acid being produced per ton of concentrates treated. It has 
has also caused a steady shifting of American smelting plants 
during the last few years towards the eastern industrial centres 
where the acid made could be sold to the best advantage and where 
the zine produced could most easily reach the principal consumers. 
Something like 80% goes to the iron and steel plants for galvan- 
izing purposes and to the brass mills of the Atlantic seaboard. 
The galvanizing process also consumes much acid. 


Oil flotation processes as an adjunct to a standard wet 
concentration secured a foothold in some parts of the world 
earlier than in others but about two years ago they became 
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sufficiently established to secure the general confidence of 
mine owners and engineers. Since then, oil flotation plants 
have been appearing at an increasing rate and their influence 
is changing the conditions not only for zinc but also for other 
important metals. 


Oil flotation in conjunction with various operations of 
standard milling has made it possible in most cases to separate 
the zinc contents of mixed ores in the form of a concentrate 
sufficiently clean to bear the cost of shipment and to meet the 
conditions of distillation smelting. Such concentrates us- 
ually carrying 45 to 51% of zine, 27 to 80% sulphur and varying 
amounts of gold, silver, lead, copper and iron are coming into the 
market in steadily increasing quantities while the supply of 
mixed ores available throughout the world, is such as to seriously 
threaten the future of those districts als produce only the 
simple zinc ores. 


Zine smelting by the distillation of roasted zinc concen- 
trates in retort furnaces is a very old process. Compared 
with the smelting of other commercial metals, it is expensive 
and for various reasons has always been unsatisfactory to modern, 
metallurgical ideas, but it has so far held its own tenaciously. 
The new material is particularly unsuitable for this process but 
with remarkable skill and adaptability, zinc smelters have 
been treating the supply as it appeared, notwithstanding in- 
creased costs and metal losses. 


For a generation past, inventors and metallurgists have 
been trying to find a substitute for zinc distillation smelting 
and after innumerable efforts and great expenditures, it has 
become clear that relief is now at hand through the electrolytic 
processes. In these, the zinc is dissolved out of the concentrates 
after these have been de-sulphurized and oxidized. by roast- 
ing and the dissolved zinc is then precipitated from its solution 
in the form of metal of unusual purity by an electric current. 
Certain technical difficulties have long barred the way to success. 
The more noted of these being the tendency of most ores to form 
silicates and insoluble zine ferrites while being roasted, the ex- 
pense of securing a strictly iron-free electrolyte, difficulties in 
securing a product as pure as the best grades of zine produced 
by smelters from the purest ores, and also various troubles 
with the anodes employed. . 


; 
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Just prior to the outbreak of the war, only one process was 
attracting attention, this being based upon patents by Dr. 
P. C. C. Isherwood, of England. The Refractory Zine Ore 
Treatment Co., of New York, an Anglo-American Company 
owning the patents, had announced some time before the 
completion of its experimental and development work and its 
intention of constructing an intial unit plant as soon as the zinc 
market recovered from the depression then existing. 

This recovery came suddenly in January, 1915, and 
the unprecedented prices which have prevailed ever since, 
particularly for the pure grade of zinc needed in cartridge 
making, soon turned the attention of the industry to the old 
problem of producing electrolytic zinc either by the treatment 
of ores or by the electrolytic refining of common zine. During 
the past 12 months, therefore, a number of concerns have under- 
taken to create electrolytic processes. 


ELECTROLYTIC ZINC PLANTS 


UNITED STATES 


Company , Location Capacity Remarks 
Amer. Smelting & Ref. Co.....|Omaha, Neb....| 1 ton metal daily.|Experimental 
Amer. Smelting & Ref. Co...... Garéeld, Utah. .|10 tons metal daily|Planned. 
Anaconda Copper Mfg. Co......|Anaconda, Mont.| 25 Shore “ {Under construction, 10 


tons operated in 1915. 


Anaconda Copper Mfg. Co...../GreatFalls, Mont/100 Sap ty “ {Under Construction. 


Bully Hill Copper Mfg. Co...... Bully Hill, Cal..| 10 Fave Ne “ \Under Construction. 
Electrolytic Zine Co............ Baltimore. Md...| 10 ASNT “ |Constructing, 7 tons now 


in operation 


Mammoth Copper ' Mfg. Co...) |Kennett, iCal he os eas Experimental 

RECOCZING COR sis 0% YF pkiae ae Palo YN hstey (One hy shh) PR tah RP ai ME Operating in 1914-15. 
River smelting & Ref. Cow... mkeokuky Towas visas ivi shaae inves 6s Experimental. 

ee ECAC WCEI: Selec ths as <ueceuc tale Basin, Mont....} 1 rf “ “'Tnitial unit Isherwood 


process under construc- 
tion. 
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OTHER COUNTRIES 


Company Location Capacity Remarks 
Con. Mining & Smelting Co...../Trail, B.C...... 50 tons metal..... Now operating. 
Weedon Mig., Cow. s 5 oe. clans Welland, Ont....| 5 tons metal..... Watts process, 1 ton oper- 


ating experimentally. 
BoP G ss iahermoods. ).0.). 00 we enaland ce. c. 5 1 ton metal...... Initial unit Isherwood 
process, under con- 


struction. 


Brunner-Mond & Co...........|Enyland, 2 tons metal..... Hoepfner process, long 


Winnington..... operating, producing 
chlorine, ete., by-pro- 
ducts. 

Hoeptinert Process <.. 2) hea es «has 1p ete of ee Un ap al rat cad, Mylo We Sy SORE he Ho6epfner process, long 


operating, producing 
chlorine, etec., by-pro- 
ducts. 


DUSIDALN DIANA a wort naus ee deledein te SADA Aue lentes eet eet he eaetai eee. ia. Operating past 3 years. 


The total output of electrolytic zinc in the United States 
to April 4, 1916, was only 252 tons but it was then estimated 
by the statisticians of the U.S. Geological Survey that by the 
close of 1916, electrolytic zine would be produced in the United 
States at the rate of over 60,000 tons yearly. 


How many of the above electrolytic processes can live after 
the price of zinc falls to its normal level is an open question. 
The only process whose details I happen to know is the 
Isherwood which, at normal prices, can unquestionably treat the 
new mixed metal concentrates at a lower cost and with higher re- 
covery than the standard process of zinc smelting. It can 
also produce a metal more nearly chemically pure than any 
smelting product. 


The world’s production of zinc under normal conditions 
is best shown by the statistics for 1913 (production is credited 
to those countries in which the smelting was done). 
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WORLD’S PRODUCTION FOR 1913. 


Tons of 2000 lbs. 

Wmited pirates a 346,676 
mermann ye Ck. UE O1 4) eas nom about 525,000 
VG ot old AE 217,941 f base hey AR ene 
rents Orica. es Laie 65,201 
Other Countries........ ROL G27. 

1,103,359 
Meniwedotates produced in LOPBI oe le eh oo 489,519 
United States capacity by end of 1915 (estimated).... 900,000 


The zine of the world is produced only where very cheap 
coal and other smelting conditions attract the supplies of con- 
centrates. 


Germany, Austria and Belgium together produce about 
150,000 tons of metal in excess of their consumption, this tonnage 
constituting the supply of England, France and other countries. 


Under normal conditions, the United States produces about 
as much zine as it consumes. 


That portion of the Australian concentrates which has 
hitherto gone to Germany for treatment is understood to have 
been from 250,000 to 300,000 tons. 


PRESENT CONDITION OF THE INDUSTRY. 


As a result of war conditions, the United States zinc industry 
was suddenly called upon not only for an unusual amount of 
pure zinc, but for common zine enough to furnish England, 
France, etc., with the 150,000 tons yearly formerly supplied by 
Belgium, Germany and Austria and also the additional amount 
required for war uses. Under this stimulus it has grown to a 
dangerous degree and is still expanding. By the close of 1916, 
the productive capacity as estimated by the Government, will 
be nearly three times the normal consumption of the United 
States and nearly nine-tenths of the normal consumption of the 
entire world. A crash in the industry is therefore due to arrive 
at any time. 
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Since the British Government has determined that here- 
after no portion of the Australian concentrates shall return to 
the German industry an equivalent smelting capacity must be 
immediately provided elsewhere. In addition, provision must 
be made for the treatment of another large English-owned 
supply of similar concentrates already exposed in the Bawdwin 
mine of Burma and due to come upon the market soon after the 
restoration of peace. For the reasons previously given, an 
indefinite further increase of such material is to be expected 
from many parts of the world, all of which must seek either 
coal or power and also markets for its zinc, sulphur and smelting 
residue. Up to the present moment, no satisfactory solution 
for the problem presented has been found and there is apparently 
much confusion of opinion as to what it is best to do. 

The zinc smelter at Port Pirie, N.S.W., which has been 
treating about 25,000 tons of concentrates yearly is handicapped 
by expensive coal and labour and also by its distance from market, 
so that its further expansion seems improbable. 

It is understood that Japan is trying to increase her zine 
industry so as to take some Australian concentrates but it is 
not known whether such plans have taken form. Japan has 
no cheap power. 

A new electrolytic plant in northern Italy to use power from 
the Alps, is said to be either experimenting or operating in a small 
way. Alpine power, with the dense population surrounding 
it, is in demand for so many uses that it can never approach 
that of Norway in cheapness. 

An increase of zine smelting capacity in England is being. 
seriously considered and may be already under way but it is 
difficult to see how the problem can be solved in this way. Neither 
coal nor power are cheap in England nor can the highly skilled 
labour required for zinc smelting be secured except by slow 
degrees. Moreover, the world is already over-supplied with 
facilities for smelting zine ores by a process that is about to be 
largely replaced by a new one. Yet something must be done 
and done quickly, for it takes time and much capital to construct 
the new plants required for the large tonnage described. 

Tasmania has cheap water power and it isreported that an elec- 
trolytic plant there for the treatment of 200,000 tons of concen- 
trates yearly is now under consideration. Apparently littletor 
none of the sulphur contents could be utilized at that location. 
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That portion of the excessive American smelting capacity 
which is so soon to be shut down could, of course, be utilized 
for the treatment of these supplies, and during the past year 
about 125,000 tons of Australian concentrates have been sold 
to works in the United States. Aside from the fact that this 
solution of the problem (except as a temporary makeshift) 
would not accord with the policy imposed upon the British 
Government, it would not be sound industrially because these 
concentrates are of the new type and can be treated efficiently 
only by an electrolytic process. New plants for these processes 
will, of course, soon be built in the Eastern United States to deal 
with the increasing supply of such ores available at Atlantic 
seaports. 


AN ELECTROLYTIC PLANT IN CANADA. 


A Canadian electrolytic plant located upon tide-water, 
would of course be barred by the tariff from the United States 
markets but it would, without aid, meet any selling competition 
of American plants in the general English market. Its reduced 
power cost would counterbalance the advantages of an American 
plant in the utilization of sulphur. Sulphuric acid is worth 
more near Niagara Falls or near the power systems of the southern 
Alleghanies. Nevertheless, the pulp mills of Canada could, with 
proper equipment, utilize the sulphur gases in the sulphite 
fibre plants while a supply of Canadian zine would create a 
galvanizing industry in Canada which would also be a consumer 
of acid. Against the competition of present European smelting 
plants, Canada could stand without assistance. She would, 


_ however, require the aid of the British Government against the 


future electrolytic plants of Norway and Sweden. 

In competition for the supply of concentrates, a Canadian 
plant could meet open competition for the Atlantic Ocean 
supplies of the future, while for those controlled by Great Britian 
it would have an unquestioned though artificial advantage. 

The plant should be built upon the basis of a contract 
for its supply of concentrates from the Broken Hill District, 
Australia, and a contract for the sale of its zinc to the British 
Government, these contracts being enough to cover the investment 
together with a satisfactory profit upon it. The process adopted 
should be carefully selected by an investigation of those now in the 


246 


field and its owners should be offered the alternatives previously 
described of proceeding with the enterprise themselves or of 
submitting to construction and operation by the Canadian 
Government or its appointees. 

While the plant or its preliminary units could be built 
in time to serve the present war needs of the British Govern- 
ment and its Allies, the investment would really stand upon a 
permanent basis; that of its ability to compete with the smelting 
plants of the world upon mixed ores when zinc returns to its 
normal level of 5 to 5.5 cents per lb. Except for protection, 
against Norwegian competition, the direct co-operation of the 
British Government would be needed only during the first few years. 

The premium hitherto paid for pure zine above the market 
price for common spelter, will probably disappear for a time 
after the war ends but purity brings so many advantages to the 
consumers of zine products that electrolytic zine is certain to 
gradually displace the common for most purposes. 


APPROXIMATE DATA FOR AN ELECTROLYTIC PLANT. 


Broken Hill concentrates which are typical of the new supply 
except that they lack the usual gold contents, have about the 
following composition :— 

Average Analysis Approximate products per ton of 

2000 lbs. of raw concts. bought. 
Silver (per ton of 


2000 Ibs.)...... 10°7 oz. 884 lbs. of electrolytic zinc. 
BE OREO i b 47°0% 700 lbs. of residues for lead smelt. 
COMB is eye) bians 525 lbs. of sulphur burned. 
Lead........... 70% 1900 lbs. of acid produced. 
Gonperc see ec) py 0°5% 
Oa SW eb by 30°0% 


Other components 15°5% 
100. 

An electrolytic plant would be constructed in successive 
units but when completed to the most effective size it should 
produce about 100 tons of zine per day, or, say, 33,000 tons 
yearly. The following data which are, of course, only approx- 
imate at this stage, will indicate roughly the principal results 
to be expected. 
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Per year of 330 


Supplies Per day, tons days, tons. 
Raw concentrates imported 226 57,000 
Products 
Vine: electroly ties) 6 eR 100 33,000 
Sup nury DUrned : mei ii) Biot L BU 59 19,500 
Sulphuric acid made (66°B— 
AS Folhs DOW uta s va hit 214 70,000 
Residues for smelting........ 719 26,000 


The raw concentrates would be roasted at the most conven- 
ient pulp mill or acid works and then sent to the electrolytic 
plant. At normal rates for shipping, it would be practicable 
for concentrates coming from the Orient, Australasia, South 
America and Mexico to be shipped first to England where sulphuric 
acid is most valuable and to have its sulphur utilized there. The 
roasted concentrates would then proceed to Canada for the 
extraction of zine and the other metals. 

The residues from the zinc extraction would contain the lead, 
copper, gold, silver and iron present in the original concentrates 
and would constitute a basic fluxing material desirable in standard 
lead smelting. It would either be sold to established lead smelters 
or be smelted directly in the works. 

The roasting plant would use about 0.25 tons of coal per ton 
of concentrates, this being dependent upon the coal and type of 
furnaces used, say, 19,000 tons yearly. 

The electrolytic plant would use for various purposes 
something like 1.6 tons of cheap coal per ton of zine, or, say, 
53,000 tons yearly. The electrolytic plant would also use about 
14,000 kilowatts of electric power. 

The cost of the roasting and acid plants can be estimated 
only by the pulp mill or acid works concerned as it will depend 
upon the equipment already existing. The cost of the electro- 
lytic plant would be roughly about $1,800,000 at normal prices 
for the copper and machinery used. The present war prices 
would increase this figure and they make a special estimate 
necessary. 


THE ZINC MARKET AND ELECTROLYTIC ZINC. 


, The zinc supply of the American market comprises a large 
number of brands, each having its own quality and trade 
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reputation. They are grouped by the trade into four classes, 
“High-grade,” ‘“‘Intermediate,” “Brass Special,’ and “Prime 
Western.” The great bulk of the tonnage produced is “‘Prime 
Western” or common “‘spelter’’ and the market reports generally 
quote this only. 


The ‘‘High-grade’”’ class which is but a small fraction of the 
total tonnage comprises those brands which are over 99.9% zine. 
The bulk of this class is represented by two brands, the “‘Horse- 
head”’ and the ‘‘Bertha,’’ both made by the New Jersey Zinc 
Company from the pure ores of their noted mine at Franklin 
Furnace, New Jersey. ‘These brands have long been specified 
by the military authorities of this country and Europe for the 
manufacture of cartridges, both for artillery and small arms and 
for some 14 years the German Government has been accumulating 
them for this purpose. They have always commanded a price 
of about 2.5 cents per lb. above the market quotations for common 
or “‘prime Western’’ spelter which usually ranges between 5 
and 5.5 cents per lb. in New York. 


The war demand promptly tied up the supply of these 
brands far ahead at prices which remained in the neighborhood 
of 40 cents per lb. until recently when it was lowered to about 
30 cents. Other less known brands of “High-grade” have 
been sold all along at 8 to 5 cents less than the price of 
“‘Horsehead”’ and “‘Bertha.’’ Meanwhile common spelter has 
fluctuated wildly, at one time reaching the neighborhood of 30 
cents then remaining for sometime at about 18 cents and now 
being quoted in the neighbourhood of 12 cents. 


Under war conditions, therefore, the circumstances which 
fix the market price of common or “‘Prime Western” zine have 
suddenly become different from those affecting pure zinc as 
though the two were distinct metals. The war not only cut 
off the Belgian, German and Austrian supplies of common 
spelter, but also created an unprecedented demand for the chem- 
ically pure zinc necessary for the manufacture of cartridge brass. 

The present condition of the spelter industry is that of an 
over supply of ore and concentrates and a shortage of smelting 
capacity, particularly of roasting capacity. To meet the shutting 
down of the European plants all the inactive capacity of the 
American smelters is being brought into service, together with 
all revivals and additions possible. Several large new plants are 
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under construction and the full productive capacity now under 
preparation by American smelters is to be reached during the 
latter part of 1916. 

On the other hand for the more serious difficulty, the shortage 
of really pure spelter, there does not seem to be any adequate 
relief in sight. The owners of the limited supply of pure ores 
cannot make any further increase in their production. Every 
technical expedient known to smelters to secure special purity for 
portions of their product seems to be already in use, but most of 
this emergency product falls into the “Intermediate’’ class, 
which, during normal times, would not be accepted for cartridge 
brass. 

The list of electrolytic plants, previously given, which have 
sprung up under the stimulus of high price for pure zinc, will, 
even if all are successful, fall short of relieving the need and 
displacing the impure zinc now being used for cartridges. Small 
arms and artillery cartridges ought not to be made with spelter 
of any less purity than 99.95% zine, but since there has not been 
enough of this quality to go around, manufacturers are now using, 
‘with or without the knowledge of the Governments, spelter as 
low in grade as 99.75% zine. The brass and cartridge manu- 
facturers are not seriously concerned about the quality of their 
product so long as the purchaser has no alternative. The pur- 
chasing governments, however, cannot avoid the consequences 
of impurity. They have been obliged to relax their original 
requirements to meet the realities of the spelter supply, but even 
the military experts do not seem to know just how far this can 
go without serious consequences in the field. Aside from the 
question of season cracking and of re-use, jamming difficulties 
at critical moments may have almost any consequence. 

The simple facts are that the military and manufacturing 
experts of all countries, including those of Germany, have always 
been in accord as to the necessity of using pure zinc for cartridge 
brass, also that the supply of zinc having the required purity 
has been mainly restricted to the “Horsehead’’ and “Bertha” 
brands. 

Ever since the war demand overran this restricted supply, 
the Allied governments, who had not like Germany, laid in a 
store of these brands, have had to endure the substitution of 
impure zinc by the cartridge makers, to the extent of the shortage. 
As soon as a supply of electrolytic zinc of 99.95% grades becomes 
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available, there will be no longer any excuse for the use of in- 
ferior grades and it should be made to replace these as fast as 
it can be obtained. The purchasing governments, themselves, 
will have to watch and encourage its production and must 
force the brass mills to substitute it, for neither the brass men nor 
the cartridge makers will do so of their own accord. 

Probably no metal is subjected to more severe treatment 
than cartridge brass in the drawing presses, and it requires the 
best grade of brass to stand these strains. Very slight amounts 
of impurities make the metal more sensitive to the irregularities 
in its mechanical and heat treatment. Moreover, one of the 
strange peculiarities of brass is that defects in its composition 
and micro-structure start injurious changes which often progress 
rapidly during storage and after the brass has left the factory. 
Cartridges made from impure material do not keep well but are 
apt to crack in storage, especially in hot climates. 

Very truly yours, 
(Sed.) E. B. KIRBY. 


pate 


ee 


251 


SECTION XIII. 


MEMORANDUM ON THE SECURING OF EMERGENCY SUPPLIES OF 
COPPER AND ZINC FROM CANADIAN ORES. 


The following recommendations with respect to the securing 
of an emergency supply of copper and zine for munitions manu- 
facture are made on the understanding that an adequate supply 
of these metals cannot be secured in the United States. While 
a limited supply of these two metals could be obtained in a 
comparatively short time after orders were placed, it must be 
clearly understood that a large supply of either copper or zinc 
cannot be procured by the methods indicated, and it is extremely 
improbable that the production could sustain itself as a com- 
mercial enterprise. 

ALFRED W. G. WILSON. 
Chief Engineer, Metalliferous Division, 
Mines Branch, Department of Mines. 


1. AN EMERGENCY COPPER SUPPLY. 


The best location for a copper refinery in Canada from a 
commercial point of view would be at some point in the province 
of British Columbia accessible to tide water. Owing to certain 
circumstances such a refinery could not be established and put 
in operation in less than two years unless it became necessary 
to take the drastic step of compelling the present operating 
companies to break existing contracts and to refine their products 
in Canada. 

To obtain an emergency supply of copper the following 
courses are open:— 

1. Notify present producing companies that they must denvee 
at a stated price to the Canadian Government, at a 
designated point, all copper produced by them, or the 
equivalent thereof. Their course would be to have their 
copper refined in the United States under bond and re- 
turned to Canada—or they would threaten to close the 
mines and smelters. In this event the properties could 
be operated by the Government and the product could 
be refined in the United States in bond and returned to 
Canada. 
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2. Start a refinery, and secure for this refinery as much of the 
available Canadian copper production as possible with 
or without coercion. ‘The refinery could be Government 
owned, privately owned, or privately owned but subsi- 
ized directly or indirectly by the Government. 

(a) A refinery owned by the Government does not 
appear practicable at the present juncture, though 
the erection and equipment of such a plant, coupled 
with legislation requiring all companies to deliver 
to the Government refinery all their production 
is worthy of consideration. The principal stock 
argument against such an enterprise is that the 
Government could not operate such a plant eco- 
nomically 

(b) A privately owned refinery is not practicable at 
present. The reasons why such is not now avail- 
able are:— 

I. Small total production of copper in Canada 
has rendered the operation of such a plant 
impossible as. a commercial enterprise. 

II. Foreign control of the markets of the world 
make it difficult to enter into competition 
with other refiners. 

III. About 90% of Canada’s copper production is 
in the hands of foreign owners who are in- 
terested in established refineries in other 
countries. 

IV. I believe a concerted effort has been made 
among certain groups of operators to dis- 
courage and prevent the establishment of 
metal refineries in Canada, and that it 
would have been difficult to finance such 
enterprises in the past, and that the products 
could not have been easily marketed. 

(c) A privately owned refinery subsidized by the Govern- 
ment, directly or indirectly, is quite practicable. 
In construction, organization, operation and man- 
agement it could have all the supposed advantages 
of private control. The Government could assist 
in the financing of the operation, in the providing 
of a market for its products, and in protecting it 
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from financial loss and unfair competition. Per- 
sonally I consider that the Government should also 
share in the profits of such a concern, if any, as a 
part owner rather than act only as_ beneficent 
protector. This enterprise could be started in 
one of two ways:— 


I. A corporation could be organized to start a 
refinery and the complete new plant could 
be designed and then erected on a suitable 
site. Such an organization could not be 
organized and the plant designed and 
erected in less than a year, and probably at 
least eighteen months would be required, 
and the capital expenditure would be 
large (between $500,000 and $750,000 for 
a daily production of 50 tons of copper.) 


II. Advantage could be taken of existing organ- 
izations, and plants, and such additional 
equipment as is required could be secured. 
This is the only method by which a supply 
of copper can be obtained in the shortest 
possible time. If this method is adopted 
it is probable that arrangements can be 
made for the first deliveries of small 
amounts within about two month’s time. 
For this reason, and only because an im- 
mediate supply of refined copper appears 
to be necessary, the writer recommends 
consideration andthe acceptance in modified 
form of the proposal made by the Canadian 
Consolidated Mining and Smelting Com- 
pany through its President. 


PRODUCTION OF REFINED COPPER AT TRAIL. 


With regard to the production of refined copper by the Can- 
adian Consolidated Mining Company in its works at Trail, 
B.C., the following comments are offered :— 


1. This is the only strictly Canadian corporation in business 
in Canada mining and smelting copper ores. 
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2. The technical staff at Trail is the best available staff of its 
kind in Canada, is well organized, and is quite capable 
of starting the enterprise in the shortest possible time. 


3. The additional plant needed to start a copper refinery is less 
than at any other works in Canada. Electric power is now 
available on the ground. The new plant needed will be ad- 
ditional transformers, motors and generators to produce 
direct current,a tank house, tanks and their equipment. 
The works are already provided withall the auxiliary equip- 
ment needed, such as blast furnaces, precious metal refinery. 
blue-vitriol plant, etc. 


4. The company owns and controls a supply of copper ores, 
which in previous years has yielded about 6,000,000 Ibs. 
of copper per annum. It could from its own ores produce 
about 17,000 lbs. or about 8.5 tons of copper per day, 
or possibly 10 tons per day in an emergency for a consider- 
able period of time. In addition there are the mines at 
Phoenix now producing about a million lbs. of copper per 
month, which is smelted at the plant of the Granby Con- 
solidated Mining and Smelting Company at Grand Forks, 
B.C., and also the mines at Deadwood with the smelter 
at Greenwood, owned by the British Columbia Copper 
Company, which are not now in operation. If proper 
action is taken the other two companies can be persuaded 
or compelled to send blister copper to Trail, unless their 
contracts are ironclad, and the output could be very 
materially increased. The maximum possible would be 
about 25 tons per day. 


5. The capital investment needed to install additional plant at 
Trail to produce refined copper in about two month’s 
time will be in the neighbourhood of $150,000. It is 
probable that a plant on the coast would cost about 30% 
more than a similar plant in the eastern United States, 
and that at Trail nearly 50% more, provided a complete 
plant were erected. Owing to the fact that Trail is 
already provided with an excellent technical staff, efficient 
labour, and a portion of the necessary plant, a small 
refinery can be started here cheaper than elsewhere in 
Canada, and in a much shorter time. Additional capital 
to finance the operations of the plant, owing to the capital 
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locked up while the copper is passing through the plant 

may also be required. 

6. The cost of refining copper in the Eastern United States 
varies somewhat with the character of the material sup- 
plied to the refinery. In a general statement of costs 
it may be placed at 0.6 cents per lb. In a few cases it 
is less than this, and in some cases it amounts to as much a 
1.0 cent per lb. The cost of refining copper from 
British Columbia ores at a coast refinery producing at 
least 50 tons per day should not exceed 0.8 cent per lb. 
At Trail, with a production of say 15 tons per day the cost 
should not exceed 1.5 cents per lb. produced. Additional 
data are needed from Trail on which to base a more ac- 
curate estimate of the probable cost per lb. of copper 
produced. 

7. The cost of marketing refined copper varies from about 
0.2 cent per lb. to about 1.0 cent. Refined copper pro- 
duced at Trail under contract with the Government would 
be free from a marketing charge. In making an agree- 
ment with the Company this fact should be kept in mind 
and used to offset the additional cost of refining at Trail. 

8. Freights on the refined product, which would probably be 
ingots for brass making, would be a matter of adjustment 
with the transportation companies. 

9. In making an agreement with the Consolidated Mining and 
Smelting Company the following items should be invest- 
igated and adjustments made:— 

(a) The company should submit a sworn itemized state- 
ment of the costs of refining their matte for each 
year during the last five years, showing the amounts 
of copper, nickel, and precious metals recovered, 
and the charge for refining the copper, gold, silver, 
and such other metals as were paid for, and the 
marketing charges. The itemized statement should 
show refining charges, freights, commissions, penal- 
ties, and deductions. From this statement a fair 
estimate can be made as to the cost of refining their 
copper productions in an established refinery. 

(b) The guarantee (if any) for the increased cost of re- 
fining, because of the location at Trail, should take 
account of the market price of copper, and should 
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be on a sliding scale. When copper is high, copper 
can be refined very profitably at Trail as well as in 
the east, the only difference is that it will cost a 
little more at Trail, and therefore, the profits to the 
company will be a little less. Moreover, on account 
of the peculiar nature of the Rossland ores, it is 
probable that in refining at their own plant at Trail 
the company will recover more gold and silver than 
would be acknowledged and paid for by a foreign 
refinery. This additional recovery will materially 
offset the increased cost of refining the copper 
at Trail. 

(c) The agreement should include a clause requiring a 
detailed accounting system for the refinery, sub- 
ject to examination by a Government Auditor, 
and designated technical officers of the Govern- 
ment should have the right of entry to the works. 

(d) The cost of refining at Trail would be determined 
after due credits had been given for the recovery 
of the precious metals and other by-products. | 

(e) The bonus (if any) per lb. to be paid during the period 
when all copper produced is to be delivered to the 
Government would be the difference between the 
cost of refining at Trail ( as above determined) and 
the sum of the cost of refining at an Eastern refinery 
and the average marketing and freight charges 
previously paid. 

(f) The bonus (if any) per lb. to be paid during the 
continuation of the bounty (if such be established) 
and after direct deliveries to the Government have 
ceased would be the difference between the cost of 
refining at Trail (as above determined) and the 
sum of the cost of refining at an eastern refinery 
and the excess marketing and freight charges over 
and above those formerly paid. 


2. AN EHMERGENCY ZINC SUPPLY. 


A supply of zine can be obtained from British Columbia 
in a comparatively short time by entering into an agreement 
with the Canadian Consolidated Mining and Smelting Company 
to produce the same. 
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The following facts are submitted herewith for your consid- 
eration :— 


1. There are now available from British Columbia zinc mines 
ores which were formerly sold in the United States, but 

which, for the most part, are at present unable to find a 
market. There is also available a large supply of ores of 
| too low a grade to be marketed under normal conditions. 
4 These ores could easily be shipped to the works at Trail. 
The Consolidated Company itself owns a large body of 
silver-lead-zine ore which could contribute concentrates: 
containing about 30% zine. 


2. Additional ores could easily be purchased in the United 
States, if necessary. 


3. The Consolidated Company has adopted and canals but 
not perfected, the Letrange process for producing electro- 
lytic zinc. They are producing about 500 pounds of zinc 
per day, and will shortly produce 1000 lbs as soon as certain 

| necessary aluminum sheets are secured. They have not 

: perfected the process, and the cost per pound of zine pro- 
duced is two or three times that obtained by standard 
processes (2.5 cents per lb.). There are also certain 
technical difficulties which have arisen from the production 
of certain residues and solutions. These will have to be 
overcome to render the process a commercial success under 
normal conditions. The main fact is that the process is 
capable of producing zinc from British Columbia ores. 
If the output of the plant were materially increased to 
produce a larger tonnage of refined zinc, these residues and 
products could be stored for future treatment, or even 
discarded. 

4. To enlarge the plant the following additional equipment 
would be needed:—Wedgve roasters, a tank house, tanks, 
aluminum starting sheets, equipment for the tank house, 
transformers, motors and generators to produce direct 
circuit and additional buildings to house the plant. 


5. ‘There is a surplus of about 15,000 h.p. (which can be very 
quickly raised to 20,000 h.p., if necessary) available for 
use in the electrolytic refining of both copper and zinc. 
If the whole of this power could be utilized, the power costs 
could be reduced to almost one-half their present amount. 
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6. Probably about 25 tons of zine per day could be secured, 
costing for refining only perhaps about 5 cents per Ib. 
The total cost for production would possibly be about 
9 cents per lb. 

7. The process is new and untried on a large scale and there- 
fore results cannot be predicted. There are ores available 
for a 50 ton daily production, if success attends the 
first enlargement. 

8. An alternative suggestion, which would not be capable of 
producing refined zine in less than a year, would be to 
establish a standard zine smelting plant on the Pacific 
Coast, import suitable Australian ores, and utilize such 
ores from British Columbia as can be treated economically. 


3. COMMERCIAL DEVELOPMENT AFTER THE WAR. 
COPPER. 


I do not think that a copper refinery at Trail can be operated 
on a commercial basis for any length of time. During the life 
of the Rossland mines it may be profitable to the Consolidated 
Mining and Smelting Company to operate such a refinery because 
the additional saving of gold will more than offset the additional 
eost of refining the copper. It is probable that the company 
would have started a refinery for this purpose without assistance. 

The copper mines tributary to the Pacific Coast are rapidly 
increasing their production, and give promise of much greater 
output some years hence. The copper mines east of the Cascades 
are on the decline, and unless new deposits are opened up, the 
supply of ore available for treatment at Trail and other interior 
points will be very small. | 

A coast refinery will possess the advantages of cheap power, 
lower costs for supplies, lower wage scale, cheaper transportation, 
wider territory from which to draw ore, and cheaper access 
to both the home and the world’s markets. 


ZINC. 


If the present processes are employed on a large scale for the 
production of zinc at present costs it is very probable that methods 
will be discovered to reduce the costs of operation as the market 
price of zine falls. In other words, the study of the operation 
of the process on a large scale will bring out its defects which 
possibly can be corrected. | 
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The ordinary processes of smelting with coal or gas are not 
applicable to at least 75% of British Columbia ores. The electric 
process is applicable to all of the ores, both high grade and low 
grade. 


The plant at Trail is located close to the territory in which 
nearly all of British Columbia’s zine ores are produced. The 
principal item of cost of operation of the plant will be the power 
cost. If the plant is made large enough to utilize nearly all of 
the power developed and now available, the cost of this power per 
unit of production can be very much reduced below present costs. 


I therefore think that an electrolytic plant at Trail will 
probably be able to maintain itself as a commercial enterprise 
at the close of the present emergency period. It is possible that 
the over-production in the United States, which is bound to 
come may break the market for a time, but this will gradually 
correct itself. 


A standard zinc smelter at or near Medicine Hat does not 
appear advisable because:— 


1. It could not be started within a year. 


2. Most of the supplies needed would be drawn from the United 
States, and at present United States smelters are drawing 
on these supplies very heavily. 


3. Such a plant could not profitably treat more than a quarter 
of the available ores from British Columbia. 

4. The gas supply for a sufficiently long period is not assured. 

5. It is probable that the draft on the gas fields caused by such 
a plant would deplete the gas supply before the plant is 
worn out. It would then have to be rebuilt for coal firing. 

6. It is an unjustifiable waste to use such an ideal domestic fuel 
for commercial purposes at a low charge, and for a very 
limited period of time. 

7. The deleterious fumes and gases from such a plant would 
cause trouble with neighbouring agricultural interests, 
or would entail extra expense to prevent their escape. 

A standard zinc smelter located on the Pacific Coast of British 
Columbia, using California oil fuel or Vancouver Island coal, 
and supplied with suitable ore from Australia might possibly 
be able to produce zinc on a commercial basis. Such a plant could 
treat such British Columbia ores as are amenable to this method 
of treatment. 
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SECTION XIV. 


ACTION TAKEN BY THE GOVERNMENT AND LETTERS RELATING 
THERETO. 


1. May 22, 1915, Consolidated Mining and Smelting Company 
to Minister of Militia and Defence. Offer to install 
copper refinery of 10-15 tons capacity on an advance of 
$50,000 and promise of bounty to cover extra cost of 
refining at Trail. Copper to be at disposal of Shell Com- 
mittee at current market price. Letter appended. 

2. May 26, 1915, Col. D. Carnegie to Minister of Militia and 
Defence. In view of probable expense of $200,000 for 
starting copper refinery consider an advance of $50,000 
reasonable. Extra cost of refining at Trail should not 
exceed 2c per lb. and bounty in one year not over $150,000. 
Refinery on the coast would cost $1,500,000 including 
smelter, and in view of American contracts better to 
start at Trail. Letter appended. 

3. May 27, 1915, Col. D. Carnegie to Minister of Militia and 
Defence enclosing table showing weights of copper and 
other materials required for War Office contracts. Letter 
and table appended. 

4. June 2, 1915. Col. D. Carnegie to Minister of Militia and 
Defence, enclosing statement of copper and brass imported 
into Canada during 1918. War Office contracts require in 
addition 23,000 tons of copper. The Trail output of 
15 tons daily, 5,500 tons yearly, would help. Users of 
copper agree that refining in Canada should be undertaken. 
Letter and table appended. 

5. June 15, 1915, James J. Warren to Minister of Militia and 
Defence. Trail plant in position to make zine commercially. 
Usual custom to put in small unit and test for six months, 
but willing to put in large plant at once, which may be 
useless after the war. Asks loan to meet this as have 
made heavy expenses to increase lead output. Have 
ample ore in own and neighbouring mines. Letter 
appended. 

6. Junel5,1915. James J. Warren to Col. D. Carnegie, referring 
to No. 5. Cost of making zine will be above normal, but. 


ee 
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profitable at present prices. Would also install a Belgian 
plant if desired. Letter appended. 

7. June 8, 1915, Alfred Stansfield to Col. D. Carnegie suggesting 
a bounty of 1c to 2e per lb. for Canadian zinc. 


8. June 10, 1915, Alfred Stansfield to Col. D. Carnegie. Smelt- 
ing 40% zinc ores in States may cost 1.5c to 2.0c per Ib. of 
zinc and in Canada 2.5c to 3.0¢ so 1c per lb. would place 
on equality. ‘Treating rich ore in States might cost le 
per lb. of zine and a poor ore in Canada 8c, per lb. of zine, 
thus needing a bounty of 2c per lb. 

9. June 24, 1915, Memorandum by Col. D. Carnegie. Proposals 
to produce metallic zinc and copper commercially in 
Canada. Memorandum appended. 


10. July 3,1915. A.W. G. Wilson to Col. D. Carnegie. Refers 
to Cabinet Committee Meeting on copper and zinc sit- 
uation. Hon. T. White asks whether any grave fears are 
held in regard to the supply of copper or zinc, and in what 
way the Canadian zinc producers can be aided by the 
Government. Letter appended. 


11. July 7, 1915. The Hon. T. White, Minister of Finance, to 
Col. D. Carnegie. Refers to request that electrolytic 
zine production be started at once and to suggestion of 
advance of capital for this purpose. Asks (1) if zine can- 
not be obtained from United States; (2) if proposed process 
at Trail really satisfactory; (8) if a sliding scale bounty 
would meet the case. Letter appended. 


12. July 12, 1915. (1) Gen. A. Bertram to Hon. T. White, Acting 
Premier, enclosing the following letter and papers; 
(2) Col. D. Carnegie to Hon. T. White, Acting Premier, 
replying to No. 11. . 
1. High grade spelter unobtainable for cartridge case 
brass. 
2. Process at Trail making 1,000 Ibs. per day, which can 
be greatly increased. 
3. Sliding scale bounty probably Shen eho: 
4, While the copper supply is less urgent some encourage- 
ment should be given to copper refining in Canada. 
Letters and papers appended. 
13. June 28, 1915, Alfred Stansfield to Col. D. Carnegie. Givi n 
information with regard to operation of the French proc 
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and suggesting that the Standard Company be encouraged 
to install a plant for making zinc by this system. Letter 
appended. 

14. Contract with Consolidated Company to supply spelter. 
Bounty offered for Canadian spelter. Papers appended. 


a: 


The Consolidated Mining and Smelting Co., 
Ottawa, May 22nd, 1915 


To General The Hon. Sam Hughes, 

Minister of Militia and Defence, 

Ottawa, Ontario. 
Sir:— 

Referring to our interview of today, we are willing to proceed 
at once with the installation of a copper refinery in connection 
with our smelter at Trail, B.C. (to have a daily capacity of from 
ten to fifteen tons of refined copper) upon your advancing or 
agreeing to advance fifty thousand dollars as a contribution 
towards the cost of the installation—and upon your agreeing that 
Parliament will be asked at the next Session, to pay a bounty in 
respect of each pound of refined copper produced, sufficient to 
put us on an equality as to cost of refining only, with American 
refining plants of large capacity. 


In consideration of this arrangement, we will hold our entire 
production of refined copper at the disposal of the Militia De- 
partment and the Shell Committee for use in the manufacture 
~of munitions of war, at current market prices. 


Of course, it is understood that the Militia Department 
or Shell Committee will notify us of their intention to purchase 
as the copper is refined. 

We have the honour to be, Sir, 
Your obedient servants, 


THE CONSOLIDATED MINING AND SMELTING Co. 


(Sdg.) W. D. MATHEWS. 
J.J. WARREN. 
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Colonel D. Carnegie, Chairman, Zine and Copper Commission, 
Ottawa, 22nd May, 1915. 


To General The Hon. Sam Hughes, 

Minister of Militia and Defence, 

Ottawa, Ontario. 
Sir:— 

Referring to the conference we had today at the Rideau 
Club, I have the honour to transmit herewith, a letter signed 
by Mr. Matthews, President of the Consolidated Mining and 
Smelting Company of Trail, B.C. and Mr. Warren one of the 
Directors of the same company. 


The letter as you will observe contains a proposal to install 
immediately a small plant for the refining of copper in their 
works at Trail, B.C. 


The accumulated facts that I hope to submit in due course, 
as a result of the investigations of the Commission, will be found 
to warrant this conclusion. Meanwhile I am enclosing a pre- 
liminary report on the subject. 


I also attach to this letter our preliminary conclusions 
on the subject. 
I have the honour to be, Sir, 


Your obedient servant, 
D. CARNEGIE. 


Be 


Colonel D. Carnegie, Chairman, Zinc and Copper Commission, 
Ottawa, 26th May, 1915. 


General The Hon. Sam Hughes, 
Minister of Militia and Defence, 


Dear General :— Ottawa, Ontario, 


With reference to your request. of last night for some data 
to guide you regarding the amount of bounty which should be 
paid to Trail, I have had the opportunity of calling Drs. Wilson 
and Stansfield together this morning, and we together have 
considered the following, which I hope you will regard as subject 
to modification in detail. 


264 


1. That as the Consolidated Mining and Smelting Company 
have plant at their works which only requires the addition of 
say $100,000 expenditure, to make it suitable for the production 
of 10 to 15 tons of copper per day, and the probable additional 
cost to that for operating, in the way of capital would be ap- 
proximately $200,000, we think that an advance of $50,000 
towards the cost of the plant reasonable. 

2. The actual difference in the cost of refining in America 
and Canada can only be estimated very approximately, as no data 
are available at the present moment to guide us. We, however, 
estimate that the difference should not exceed two cents per 
lb., and in any one year the bounty granted to the company 
should not amount to more than $150,000. 

With reference to the comparative cost for the establish- 
ment of a refinery on the coast, we would point out that this cost 
would be in the region of $1,500,000, including the necessary 
smelting plant as well as refinery. 

In view of the existing contracts between the Mining Com- 
panies of Canada and the Refineries in the United States, it is 
in our opinion advisable to commence operations at Trail, where 
refined copper is likely to be obtained in about six months. 

We hardly need remind you that Germany has built herself 
up as an industrial nation on the bounty system. 

I have the honour to be, Sir, 
Your obedient servant, 
D. CARNEGIE. 
P.S.—With reference to the zinc situation, we hope to report 
fully in due course. 


id by 


Colonel D. Carnegie, Chairman, Copper and Zinc Commission, 


Ottawa, May 27th, 1915. 
General The Hon. Sam Hughes, 


Minister of Militia and Defence, 
Ottawa, Ontario. 


Dear General :— 


In accordance with my promise, I enclose herewith a brief 
summary of the total rough and finished weights of the materials 
required for the manufacture of ammunition now on hand for 
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War Office contracts. The rough weights given are approximate, 
the finished weights are accurate. 


I enclose in addition to the foregoing totals, *sheets showing 
the material required for each nature of shell contract. 


I have the honour to be, Sir, 
Your obedient servant, 


D. CARNEGIE. 


WEIGHT OF MATERIALS USED IN SHELL CONTRACT. 


Material Rough Finished 
Weight Weight 
Tons Tons 
POU CRR ema gn i wea en eam rome a Ut L, 141 ,953 10,977 
as zinc.... 8,415 tons...... | oe 
Brass equals tons 28 ,050 14,029 
70% copper. .19,635 tons...... | 9 ,200°3 
ESS SS A IRE SAR AGUAE oO Rea Rg VO 3,630 1,815 
Copper total, including copper in above 
jE A SET i Aa at oi UIC ar 23 , 265 11,015°3 
Tea RAD REO Race Al la on eS 30 , 000 18,079 
EE URIS) 655) earth ae ACIDS de ree CRED we ON 300 211 
Peete PORN OSB IOS SR IEE Oe 9 cL RRM ae ne Cen SECM RPC 1,431 
ET ar aro tb elect ety ae MOnaL Pet! ae! srg 4 1,407 
ns oy oN Uh RSs ap a RR ee CE DOLE Rs Ace a | cS ema 4,950 
SERENE ea ee alk sic RK 2 AI RN 2,250 


*These are not included in this report. 
IV. 


Colonel D. Carnegie, Chairman, Copper and Zinc Commission, 
Ottawa, June 2nd, 1915. 

General The Hon. Sam Hughes, 

Minister of Militia and Defence, 

Ottawa, Ontario. 

Sir:— 

I have the honour to enclose a few additional facts. which 
confirm the conversation we had today on the subject of refining 
copper in Canada. 
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Since forwarding to you the preliminary report of the Com- 
mission, I have received letters from a number of users and 
manufacturers of refined imported copper in Canada, from whom 
the almost general opinion seems to be in favour of refining 
being carried out in the Dominion. 


Such refining would lead undoubtedly to the manufacture 
of copper products in Canada, which are now imported; for 
instance, the attached will give an idea of the amount and value 
of the refined and manufactured copper and brass imported 
during the year 1918. 


The industry of rolling brass and copper in Canada is simply 
in its infancy, and while it would be more expensive for some 
years to manufacture in Canada, than in the States, there cannot 
be two opinions regarding the advisability of taking some im- 
mediate action in this direction, if this industry is to be developed 
in Canada. 


Apart from the foregoing, the strongest argument as far 
as I can see which could be advanced as a ground for immediate 
refining, is that of military necessity. The total copper required 
to meet the present demands for War Office contracts placed 
with the Sheil Committee, amounts to over 23,000 tons. This 
amount, of course, is exclusive of the material referred to on the 
attached sheet, used in normal times. 


Assuming that refining is commenced at the Trail Smelter 
on a daily production of fifteen tons of copper, working 365 days, 
only 5,475 tons would be produced, but this contribution would 
be of great assistance and would form the basis of an industry 
which could be developed both there and subsequently at the 
coast if found desirable. 


As you have several times expressed a wish that some means 
might be found for utilizing the men now employed on munitions 
of war, after the war is over, this seems one way of making pro- 
vision for such an employment. 

I have the honour to be, Sir, 
Your obedient servant, 
D. CARNEGIE. 


a 
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AMOUNT AND VALUE OF REFINED COPPER AND BRASS IMPORTED 
TO CANADA DURING 1913. 


305,733 Cwt. Copper in bars .and rods.) .....0 50000000. $5,103,844 
44,811 Cwt. Copper in strips, sheets or plates........... 874 ,070 
Bed OO LDS. COVEN TED H EMU Wena WM nr Nas Ne! 7 201217 
YT aang COPPER FOLENS IN NNN ine HUB AME lt 8,647 
51,216 Cwt. Copper in blocks, pigs or ingots............. 847 ,394 
B69 Owt Copper old Or Berane oe VA 82 , 274 
2,254,884 Lbs. Brass tube (includes copper and zinc)........ 471,193 
54,499 Cwt. Brass bars or rods (includes copper and zinc). . 934 ,109 

51,216 Cwt. Brass in blocks, pigs or ingots (includes copper 
EIU ARTE) NAA une ct MS LAUR a I Hacc gb Lie 847 ,394 


44,487 Cwt. Brass, old and scrap (includ@s copper and zinc) 553,405 


$ 9,923,547 


as 


V. 


James J. Warren, Esq., 
Penticton, B.C., 15th June, 1915 
To General The Hon. Sam Hughes, 
Minister of Militia, 
Ottawa, Ontario. 
Dear General Hughes:— 


Re Zinc Supply. 


You know that I am on the board of the Consolidated 
Mining and Smelting Company. I was at the smelter last Sat- 
urday, and learned that we were in a position to make zine com- 
mercially, as a result of some successful experiments carried on 
at considerable expense during the past several years. 

Ordinarily we would put in a small unit with the capacity 
of five tons per day, and work this for six or eight months before 
putting in a large plant. In this way we would no doubt dis- 
cover. some improvements which could and should be made 
before the large capital expenditure was decided on. 

I feel that this programme would not be of the assistance to 
the Army that might be desired, and it occurred to me that 
possibly some arrangement might be made with you by which, 
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in view of the necessities of the situation, we should at once instal 
a plant, and produce as much zine as possible, as soon as possible. 
This plant put in under such conditions, would in all probability 
be useless to us after its necessity, so far as you are concerned, 
was ended; hence my suggestion that the Government might 
aid the establishment by way of a loan, and not by way of 
subsidy. You will know that we are driving our plant to its 
utmost capacity to supply lead, and with this end in view we are 
spending some $350,000 on capital account. We have also 
made financial arrangements to take care of independent pro- 
ducers. These demands on us have long since taken up our 
capital, and we owe the Bank of Montreal a considerable sum 
of money. If the Government would lend the Consolidated | 
Company enough to put in this plant, and would contract to 
take the supply of zine that would be produced, I am prepared 
to recommend to the Board that such an arrangement be entered 
into at once, so that production of zine for war purposes may begin 
at the earliest possible moment. 

It is not a question of finding the ore from which to extract 
the zinc. We control a very large zinc property, and there are 
other producing mines in the neighbourhood. From _ these 
sources an adequate supply of raw ore could be readily obtained. 

If on consideration you think that some arrangement 
can be made, I shall be glad if you will telegraph me, and I 
will proceed to Ottawa at once. 

Yours very truly, 
(Sgd.) JAMES J. WARREN. 


VI. 


James J. Warren, Esq., 
Penticton, B.C., 15th June, 1915. 
David Carnegie, Esq. 
Stephens Building, 
Ottawa, Ontario. 
Dear Mr. Carnegie :— 


Re Zinc. 


I telegraphed you from Trail on Saturday last. I suppose 
that you are pretty busy with other matters, and that it will 
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be a day or two before you can take this one up. _ I have written 
the Minister as per attached copy. 

I am really anxious to do something to help the Army under 
its present necessities. You will be able to explain to the General 
the difficulties in connection with zinc refining, and the cer- 
tainty that the plant we put up now will be scrapped the moment 
the present necessity for zine no longer exists. 

I was very pleased to find that we were producing zinc 
commercially, and though under present conditions it is costing 
us a good deal more than it should, we can produce zine commer- 
cially and with prices considerably less than those now prevailing; 
we can do it, and can take care of the cost of the plant besides. 

I am willing to go further than this, and recommend that. 
we instal the Belgian process at some point where we can get 
natural gas, providing of course, that we can get the right kind 
of contract. We will not stand out for an extraordinary price, 
but will be prepared to meet you in the same spirit in which we 
have met you in regard to lead orders. 

As a result of our policy of not standing out for the last 
cent, we are in trouble now with our shippers who want us 
to take their lead and settle for it on the present extreme prices. 
We have proposed to them that a pool be established covering 
all receipts at the Smelter from the Ist August until the end of 
the year, that the Consolidated and shipper each take the proper 
proportion of lead at the rate sold to the Shell Committee (5$c) 
and the proper proportion of lead sold for ordinary commercial 
purposes at the prices actually obtained therefor. Some are 
coming in, but some of our American friends are strenuously 
objecting. 

I just mention this to let you know that the situation is 
not entirely happy. 

With kind regards, 
Yours very truly, 
Encl. / (Sed.) JAMES J. WARREN. 
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MEMORANDUM BY COL. D. CARNEGIE. 


Presented to full Cabinet Council, Dominion Government, 
Ottawa, 24th June, 1915. 


PROPOSALS TO PRODUCE METALLIC ZINC AND COPPER COMMERCIALLY 
IN CANADA. 


1. As a military necessity. 
2. To develop the zinc and copper industry throughout the 
Dominion. 


SHELL COMMITTEE'S REQUIREMENTS. 
Copper and Zinc for War Office Contracts. 


For contracts already placed with the Committee, approx- 
imately 34,000 tons of brass are required, including 10,200 tons 
of zine and 238,800 tons of copper. In addition to the foregoing 
3,630 tons of copper are required for copper bands alone 


Prices Copper and Zinc. 


The Shell Committee have covered for nearly all the material 
required, but as the price of zinc has increased from 5c per |b. 
to 27c per lb. and that of copper from 12c per lb. to 21c per lb. 
within the last four months, the price of brass has risen from 
16c per lb. to 36c per lb. making the price of cartridge cases almost 
prohibitive. 


Means of Supply from Canada at Lower Prices. 


In view of further orders being received from the War Office, 
it is imperative as a military necessity to take immediate steps 
to produce metallic zinc from the ores in the Dominion. By 
doing so it will insure a supply at reduced prices. The same 
remarks in some measure apply to copper if refining of that 
metal is done in Canada. 
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PROPOSALS RELATING TO ZINC REFINING. 


Findings of Commissioners. 


From very careful investigations made recently by the 
members of the Commission appointed by the Minister of Militia 
to enquire into the possibilities of refining zine in Canada, it 
is shown that the time is opportune to commence refining by the 
electrolytic process. This process can be used for both high and 
low grade ores, whereas the ordinary processes of smelting with 
coal or gas are not applicable to at least 75% of B.C. ores. 

Such refining would yield profitable results during the war 
and would also form the basis afterwards of a new industry for 
the supply of zine for commercial purposes. 

While operating the plant during the period of high prices, 
opportunities would be found for improving the process to make 
it a commercial success under normal conditions. 


Companies ready to produce Zinc by Electrolytic Processes. 


There are two companies ready to produce metallic zinc 
by what is known as the electrolytic method of refining. This 
is the only process by which the immediate treatment of low 
grade complex zinc ores in Canada can be attained with any 
measure of success. 


Electro-Thermic Process a Failure. 


The electrolytic process should not be confused with the 
experimental electro-thermic process which did not prove a 
success at the experimental plant in Nelson, B.C. In that 
plant an electric furnace was used for smelting and refining the 
ores. 


Belgian Process not Feasible for Immediate use 1n Canada. 


The Belgian process which is used in the United States, 
could not be operated successfully in Canada, for the following 
reasons :— 


1. Searcity of suitable ores (only about 25% of the ores mined 
in B.C. could be treated by this process. ) 

2. No assurance of continued supply of cheap gas and fuel. 

8. Difficulty in obtaining skilled labour amd materials for | 
maintaining the plant. : 
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4. The time it would take to install such a plant in Canada, 
namely, 18 months to two years. 
It could not therefore be recommended as an immediate 
means of production. 


Proposals by the Consolidated Mining and Smelting Company. 


At the Consolidated Mining and Smelting Company’s plant 
at Trail, B.C. zine is now being produced electrolytically by 
what is known as the “Letrange’ process. They are making 
about 500 lbs. per day, and are prepared to extend their plant 
to meet the requirements of the Shell Committee, if a loan is 
given to them to cover the cost of additional plant. They have 
not only facilities for rapidly installing new plant, but have a 
capable staff for operating the plant when it is installed. 


Cost of Producing Zinc in Canada Compared with Cost in U.S.A. 


The cost of producing metallic zinc by the electrolytic 
process in Canada is approximately 5c per lb. whereas the cost 
in the United States by Belgian process, which perhaps is the 
most economical, does not exceed 24c per lb. Even with a 
cost of 5c per lb. it is clear that while the market prices are so 
high, this industry could be maintained without any assistance 
from the Government, but if working under normal conditions, 
some assistance would be required. 


Plentiful Supply of Zinc Ores. 


There are now available zinc ores formerly sold to the United 
States, but which for the most part are at present without a. 
market. 

There is also available a large supply of ores of too low a 
grade to be marketed under normal conditions. These ores 
could be shipped easily to the works at Trail. 

From the available ores at least 50 tons of metallic zinc 
could be produced daily by the electrolytic process. 


Plenty of Electric Power. 


There is a surplus of electric power at Bonnington Falls, 
B.C., available for the production of zine by this process, and 
it is estimated that within four months the company could be 
in a position to work up to an output of 25 tons per day. : 
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Proposal by Shell Committee. 


The Shell Committee proposes that the Consolidated Min- 
ing and Smelting Company be asked to enlarge their plant to 
produce 25 tons of metallic zine per day, the amount to be grad- 
ually increased to 50 tons. 

The amount of money required for such extension to be 
advanced either by the Shell Committee or the Canadian Govern- 
ment, to be repaid in such amounts and at such periods as may 


_ be arranged between the Company and the Committee or Govern- 


ment. 


Proposal from the Weedon Mining Company, Limited. 


The Weedon Mining Company, Limited, of Weedon, Que., 
have developed an electrolytic process which they guarantee 
to produce about three tons of metallic zinc per day, commencing 
delivery in sixty days. 

They propose to sell their entire output to the Shell Commit- 
tee at a cost of 2c per lb. above the daily New York market. 
prices. This figure can be reduced. They ask for some assurance 


that a continuance of the 2c extra per lb. be given to them for 


a period of two years to help them pay the cost of the necessary 
plant. The electrolytic process which they propose to operate 
has been under experimental operation for two years. 

It is possible that this company might be satisfied with a 
loan on the same basis as that suggested for the Consolidated 
Mining and Smelting Company of Trail, B.C. That, of course, 
is subject to arrangement. 


Necessity for Immediate Action. 


It is, however, important, whatever method of assistance 
is given, that some steps be taken immediately to produce 
metallic zinc in the Dominion. 


Proposals Regarding the Refining of Copper in Canada. 
We attach copy of letter dated May 22nd, from the Con- 


solidated Mining and Smelting Company of Canada, stating that 
they are prepared to start refining copper if assistance be given 
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in installing the necessary plant and a bounty in respect of each 
lb. of copper produced. 

There is also attached copy of preliminary questions re- 
garding the refining of copper in Canada by the Commission 
appointed by the Minister of Militia before investigating the 
subject. These questions are given in Section I. of this report. 


ban 
Dr. A. W. G. Wilson, Department of Mines, 
Col. D. Carnegie, Ottawa, 3rd July, 1915. 


Chairman, Copper and Zinc Commission, 
Ottawa. 
Dear Mr. Carnegie:— 

On Friday, during your absence from Ottawa, Hon. Mr. 
White convened the Committee of the Cabinet appointed to 
consider the report of the Copper and Zine situation. On his 
instructions I was present at that meeting. 

Hon. Mr. White has requested that the Shell Committee 
supply him with a statement setting forth their views on the 
following matters:— 

1. Is there any substantial reason for assuming that the 
Shell Committee will be unable to secure all the copper it requires, 
either for existing or for future contracts, in the open market? 
If there are fears that the supply will be cut off or curtailed, 
on what data are these fears based? 

2. Ditto with respect to zinc? 

3. In what way do the Shell Committee consider that the 
Canadian zine producers could be aided by the Government? 
(You will note that the Canadian Copper Mines are operating 
to capacity, while the zinc mines are closed because of lack of 
market for their ores.) 

Mr. White instructed me to transmit these queries to you, 
and also advised me that the next meeting of the Committee 
would be called when the final reports were ready. 

I would be much obliged if you would furnish me a copy 
of your memorandum that was presented to Council last week. 
You will remember that I did not have the opportunity of going 
over it with you and Dr. Stansfield in the Premier’s office before 
the meeting. 

Yours faithfully, 
(Sed.) ALFRED W. G. WILSON 
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The Honourable T. White, Minister of Finance, 
Ottawa, July 7th, 1915. 
Colonel D. Carnegie, 
Chairman, Copper and Zine Commission. 
Ottawa, Ontario. 
Dear Mr. Carnegie:— - 


Yesterday Senator Lougheed handed me your letter of the 
5th instant stating that manufacturers now engaged in making 
brass cartridge cases for War Office contracts in Canada cannot 
obtain pure zinc for their work, and expressing the opinion that 
steps should be immediately taken to secure pure zine from 
Canadian sources by the electrolytic process. 


As the suggestion originally made to the Government, 
namely that capital should be advanced to the Consolidated 
Mining and Smelting Company at Trail for the purpose of 
establishing a refinery, involves an important question of policy 
I shail be glad if you and Dr. Wilson will carefully consider and 
advise me, for the information of the Committee, as to the fol- 
lowing :— 


1. Is it beyond doubt that the manufacturers in question 
will not be able to obtain zine required for their work from 
United States or other sources? I have been informed in this 
connection that a ten months’ supply of some nine thousand tons 
was contracted for about four months ago. Is this amount 
likely to be available and if so is it inadequate for the require- 
ments of the next six months? 


2. Isit established that the Consolidated Mining and Smelt- 
ing Company can successfully treat our zine ores by the electro- 


lytic process? We should have some reliable statement as to 
this. 


3. Would your object be attained by our agreeing to 
give a bounty upon a sliding scale, upon the same principle as 
we now grant lead bounties? The Weedon Mining Company 
have stated their willingness to erect a refinery at their own 
expense if a bounty of two cents per lb. is given upon zinc. It 
would appear to me that such a bounty, if given, should only 
apply when the price drops below a certain figure. 
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A meeting of the Committee was held this morning but 
unfortunately you were out of town. I should like to have 
the information in writing for a meeting to be held on Tuesday 
or Wednesday of next week, and shall be obliged if you will 
make arrangements to be in Ottawa upon that day. 


I may say for your information that questions of policy 
are involved in the proposal to grant a subsidy or to make a 
loan to a particular company. Unless it is clear that zinc cannot 
be obtained except by some such assistance it would appear 
undesirable that, without fuller consideration on the part of the 
Government, we should commit ourselves to such special assist- 
ance. 


Yours very truly, 
(Sed.) T. WHITE, 


Dy 


General A. Bertram, 
Chairman, The Shell Committee, 


Ottawa, 12th July, 1915. 
The Honourable Thomas White, } 


Acting Premier for Dominion of Canada, 
Ottawa, Ontario. 


Dear Sir:— 


I am forwarding you herewith correspondence relating 
to the manufacture of copper and zinc as set forth by our Ordnance 
Advisor, the Hon-Col. D. Carnegie, and on behalf of the Shell 
Committee I trust you will take this matter up and give it your 
serious consideration. 


This is of vital importance to us for the reason that con- 
ditions are changing so rapidly with regard to the increase in 
price of this material and also its scarcity, that it may be impos- 
sible for us to obtain an adequate supply to meet the require- 
ments of subsequent contracts from the War Office. 


Hoping this matter will have your prompt and careful 
consideration, I remain. 
. Your obedient servant, , 


ALEX. BERTRAM. 
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Colonel D. Carnegie, 
Chairman, Copper and Zine Commission, 
Ottawa, 12th July, 1915. 
The Honourable Thomas White, 
Acting Premier for Dominion of Canada, 
Ottawa, Ontario. 


Dear Mr. White:— 


I received your letter of the 7th on my return to Ottawa on 
Saturday, with respect to securing a supply of zinc, and have 
had the opportunity of again discussing the matter with Dr. 
Wilson, and have pleasure in replying to your questions as 
follows :— 


1. With reference to the possibility of obtaining sufficient 
zine from the United States or elsewhere to meet the require- 
ments of the Shell Committee in supplying ammunition to the 
War Office, I can definitely state that Horsehead and Bertha 
spelter cannot be obtained at the present moment for the manu- 
facture of brass cartridge cases, and we see no possibility of 
obtaining an adequate supply for immediate requirements from 
existing sources. This is substantiated by enquiries I made in 
the United States while there last week. 


2. Regarding the successful treatment of zinc by the 
electrolytic process established at the Consolidated Mining 
and Smelting Company’s plant at Trail, B.C. this company is 
now producing 1000 Ibs. of zinc per day, and we see no reason 
why a plant could not be installed to increase this output con- 
siderably. | | 


3. We think it would be acceptable to establish a bounty 
upon a sliding scale on the same principle as you now grant to 
those producing lead, but this is a matter for negotiation with 
those concerned. 


I enclose herewith copy of letter dated June 15th, from 
Mr. Warren a Director of the Consolidated Mining and Smelting 
Company of Trail, B.C. 


With reference to the subject of copper it is probable that 
an adequate supply can be obtained from the United States 
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for existing and future contracts from the War Office. If, 
however, the United States should become involved in war and 
found it necessary to place an embargo on the export of copper, 
the situation would become serious. We therefore think some 
inducement should be given to encourage the refining of copper 
in Canada. The nature of this inducement is a matter for 
negotiation. We enclose herewith copy of letter on the subject 
from the Consolidated Mining and Smelting Company, dated 
May 22nd, and addressed to the Minister of Militia and Defence. 
Yours very truly, 
D. CARNEGIE. 


PROPOSALS TO PRODUCE METALLIC ZINC COMMERCIALLY IN CANADA. 


1st. Asa Military Necessity, and 
2nd. To Develop the Zinc Industry in the Dominion. 


The Shell Committee’s requirements in copper and zinc 
for the present British War Office contracts are as follows:— ~ 

Copper and Zinc ordered for present War Office contracts :— 

Brass 28,050 tons, including 9,000 tons of zine and 19,000 

tons of copper. 

In addition 3,630 tons of copper for copper bands. 

These we have covered for, but as the price of zinc has in- 
creased from the normal value of 5c per lb. to 27c, and the copper 
from 12c to 21c, the cost of cartridge metal has risen within the 
last four months from 16c per lb. to 36c per lb., making the price 
of the cartridges almost prohibitive. To put in operation zinc 
refining in Canada at the present moment would bring the price 
of zine down, and it would pay the Committee or the Government 
to give an inducement to companies prepared to refine in Canada 
from this consideration only. 


Proposals re Zinc Refining. 


From the investigations made by the Commission recently 
appointed by the Minister of Militia, the Commission have 
arrived at the following conclusions. 

_ 1. That as zine is urgently required, the only available 
process for the immediate treatment of the low grade complex 
zine ores in Canada is that of electrolytic refining. This process 
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should not be confused with the electro-thermic process, which 
did not prove a success at the experimental plant in Nelson, B.C. 

Two companies in Canada have been experimenting with 
the electrolytic refining process, and are now prepared to extend 
their operations on a commercial basis and sell their entire 
output to the Shell Committee or the Government. 

2. The experimental plant at Trail is producing approx- 
imately 1,000 lbs. of metallic zine per day. This could be very 
greatly increased in the course of three months by suitable 
extensions of plant. It is estimated that the cost of producing 
_ metallic zine by this process in Canada would be approximately 
5e per lb. The cost of producing metallic zine in the United 
States by the most economical process varies from l4c to 2ic 
per lb. 

The other company is the Weedon Mining Co., Ltd., of 
Weedon, Que., who have also developed an electrolytic process 
whereby they guarantee to produce 6,000 lbs of metallic zine 
per day, commencing delivery in sixty days. They are prepared 
to sell their entire output to the Shell Committee at a cost of 
2c per lb. above the daily current New York market price. They 
would require some assurance of the continuance of the 2c extra 
per lb. for two years, to help them pay the cost of necessary plant. 
The electrolytic process which they propose to operate has been 
in experimental operation for two years. 


Proposals Regarding Copper. 


These have already been placed before you in my letter 
dated 26th May, and in the letter of the Consolidated Mining and 
Smelting Company, of the 22nd May, and may be briefly sum- 
marized as follows:— 

The said company is prepared to instal and produce ten 
to fifteen tons of refined copper per day, and to hold the entire 
production at the disposal of the Militia Department and Shell 
Committee, on the understanding that an advance of $50,000.00 
be paid the company towards the cost of the plant, and a bounty 
in respect of each lb. of refined copper produced sufficient to 
put them on an equality as to the cost of refining only with 
American refining plants of large capacity. , 

From investigations made since writing to you on the 
26th May, we have ascertained that the cost of refining blister 
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copper in the United States varies from .6c per lb. to lc 
per lb., so that our estimate that the difference in the cost of 
refining in Canada and the United States should not exceed 2¢ 
per lb. is well within the limits of actual fact. The bounty, 
therefore, in any one year should not amount to $150,000 on 
the estimated daily output. 


XIII. 


Dr. Alfred Stansfield, 
Montreal, June 28th, 1915. 
Col. D. Carnegie, M.Inst., C.E., 
Shell Committee, Ottawa. 


Dear Mr. Carnegie:— 


I have a letter from T. French, relating to his father’s process 
which is on trial at the Standard Mine, Silverton. He says the 
trial plant has been running for a month satisfactorily, (output 
not mentioned), and he thinks it will be adopted if the supply of 
ore warrants it. 


Mr. Turnbull gave 4,000 tons as the probable output of 
that mine, which should mean 1,000 tons of zine, or 3 tons daily. 


This is the third independent source of zinc, all working 
on electrolytic methods. (That is Trail, Notre Dame de Anges, 
and Silverton.) 


French speaks of the difficulty of raising capital for a large 
plant without government help, and also that the mine is far 
from power—50 miles from Bonnington Falls. I think that it 
might be worth while taking some special pains to see that 
the Standard Company are encouraged to try the French 
process, not merely in order to increase the zine production, 
but to produce a healthy rivalry and increase the probability 
that the best process will finally be arrived at. 


I am keeping the nickel situation in mind, and remain, 
Yours very truly, 
(Sed.) ALFRED STANSFIELD. 
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XIV. 
ZINC SPELTER. 


Proposition received from the Consolidated Mining and Smelting 
Company of Canada, Limited. 


Shell Committee to contract for 8,000 tons of zine spelter 
at 15c per lb., f.o.b. Trail, B.C., delivery to be made at the rate 
of 25 tons per day beginning not later than five months from date 
of contract. 

Further amounts of zine spelter to be supplied at the same 
rate of delivery at 124c per Ib., f.o.b. Trail, B.C. 

Quality.—Total impurities, other than copper, not to exceed 
one-tenth of one per cent. 


BOUNTY. 


After the expiration of the war, bounty to be granted on a 
sliding scale not to exceed 2¢ per Ib. when the price of commercial 
zine in London falls below £33 per ton of 2,000 lbs.; bounty 
provision to expire two years from the date of contract with Shell 
Committee. Total amount of bounty tc be paid not to exceed 
$400,000. Bounty not payable on zinc spelter contracted for 
by Shell Committee at price of 8c or over per lb. 


ORDERS PLACED. 


An initial order for 8,000 tons of zinc at 15c per Ib. was 
placed with the Canadian Consolidated Mining and Smelting 
Company. Orders have been placed also for refined copper. 
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